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ABSTRACT

This report recommends elastomer compounds and manufacturers for
each elastomer seal in the reactor refueling system of the CRBRP
(System 41).

This report discusses:
Techniques for data acquisition

Elastomer material review
Seal leakage calculations

Basis for elastomer selections.
The basic recommendations are to:
¢ Use Buna N elastomers for seal applications when service
temperatures permit satisfactory life
o Use EPDM (ethylene propylene rubber) in sealing applica-
tions where operational temperatures are too high for

Buna N

e Avoid use of silicone elastomer due to its extremely high
permeation rate

o Use metallic O-ring seals only where longer service life
is desired than may be obtained with an elastomer.
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1.0 INTRODUCTION

The purpose of this report is to make material selections of the elasto-
meric seals for the reactor refueling system (System 41) of the CRBRP. This
work was performed in 1976 and reflects the status of the design at that time.

The goal of these selections is to optimize properties to obtain minimum
seal leakage with maximum seal Tlife.

This report discusses:
° The methods and logic on which seal material selections were
made and that form a basis for future selections
0 The actual data and materials selected for the seals of Sys-
tem 41.

The Togic/method discussion considers:

Techniques for data acquisition (Section 4.0)
Properties of elastomer material (Section 5.0)
Seal leakage calculations (Section 6.0)

Bases for the elastomer selection (Section 7.0).

The actual elastomer selections are found in the appendix.

Material selection of inflatable seals has not been performed at this
time, due to current status of development, design, and manufacturing of the
inflatable seal. To perform a proper material selection, these areas must
first be resolved for the material selection to have maximum reliability.

The selections within this report are based on design data gathered from
preliminary and conceptual designs. Final design may alter some of the loca-
tions and other design parameters. If this should occur, the guidelines es-
tablished within Section 1.0 should be followed to verify and/or establish
proper material selection.

ESG-DOE-13438
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It is desirable to standardize seal sizes whenever possible. Sufficient
data to make such standardization are present in the appendix. The function
of this report is not to standardize seal sizes. It is recommended that the
data presented be used at a future time to make standardizations.

5414D/sjv
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2.0 CONCLUSIONS
The following conclusions were reached:

o The parametric study on seal leakage!3 indicated that by
proper elastomer material selection, the "tentative" leakage
criteria may be satisfied.

° Selections of actual seals are based on preliminary and concep-
tual designs. Sealing networks may change before final designs
are complete. Therefore, verification of satisfactory seal
selection may be required at the completion of final design.

° Leakage studies have not been performed on all equipment of Sys-

tem 41. They may be required on selected additional equipment
before the end of final design.

) In the selection process, to best meet sealing and life require-
ments for the variety of service conditions, leakage/permeation
and seal life were regarded as primary criteria for selection,
although other properties were also considered.

) Seal selections are often based on compromise solutions after
consideration of available property data and known or estimated
service requirements.

The general order of preference for selection is:

0 Buna N (nitrile)
° Ethylene propylene (EPDM or EPR)
0 Silicone.

Commercial compounds listed in this report appear adequate for the appli-
cations studied. Material developments from compound improvement and new tech-
nology should be monitored to ensure the availability of most effective seal
materials and the development of supporting data.

The appendix presents application details and seal recommendations in tab-
ular form for convenient reference.

5414D/s jv
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3.0 RECOMMENDATIONS

This report recommends elastomer compounds and manufacturers for each
seal in System 41. The basic recommendations are to:

Use Buna N (nitrile) elastomer for seal applications when ser-
vice temperatures are low enough and satisfactory life may be
obtained.

Use EPDM (ethylene propylene rubber) in sealing applications
where operational temperatures are too high for Buna N to
obtain satisfactory service life.

Avoid use of silicon elastomer due to its excessively high per-
meation rate.

Use metallic 0-ring seals only when operational temperatures
are too high for elastomer seals or longer service life is
desired than may be obtained with elastomer seals.

Specific recommendations in line with above are given in the appendix.

5414D/s jv
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4,0 DATA ACQUISITION TECHNIQUES

To select the proper seal material required having all pertinent design
information and knowing the conditions that would affect the seal material. A
review of elastomeric and sealing properties indicates the necessity of know-
ing the fo11owin§:

° External effects
. Temperature
Hypothetical accident temperatures
Normal operational temperatures
Time at temperature
Number of cycles
. Atmosphere
- Media
- Pressure
. Radiation dose rate/total dose
- Hypothetical accident conditions
- Normal conditions
] Design criteria

. Seal type and application

. Nominal diameter and cross-section diameter
. Gland dimensions and surface finishes

. Nominal compression

. Leakage path

. Normal service life

. Desirable service Tife.

Since System 41 is large and complex, a chart format was used to record
all the data (see the appendix). In some cases, the desired data were unavail-
able. For these situations, the assigned place on the chart was left blank or
an acceptable estimate was made.

The gathered data are felt to offer a sufficient base on which material
selection can be made.
ESG-DOE-13438
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5.0 ELASTOMERIC MATERIAL REVIEW

5.1 INTRODUCTION

Considerable work has been done at AI to establish various elastomer
types of interest for use as static and dynamic seals for CRBRP applica-
tions. 2 This work has involved evaluating a variety of specific industrial
compounds, and considerable data from suppliers as well as Al laboratories have
been déveloped.

One aim of this study is to select from the variety of materials avail-
able the type most suitable for the majority of System 41 applications,
thereby permitting standardization of materials and obtaining attendant bene-
fits resulting from such optimization of compound selection.

A1l potential elastomer types were considered. Those selected, based on
properties and testing at AI, are listed in Table 1. The properties of those
compounds are shown in Table 2. These are typical values from the manufactur-
ers, which permits comparison of materials.

TABLE 1
POTENTIAL ELASTOMERS
Compound Number
Seal

Vendor Buna N EPDM (EPR) Silicone Type(s)
Parker Seal N 741-75 E 692-75 S 684-70 0-Ring
Q-Ring

T-Ring

Minnesota Rubber 366Y-70 559 N-70 71417-70 0-Ring
Q-Ring

Greene Tweed 969-70 952-85 407-85 T-Ring

ESG-DOE-13438
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TABLE 2
PROPERTIES OF ELASTOMERS®

Buna N EPDM (EPR) Silicone
ASTM 366Y-70 | 969-70 559 N-70 | 952-85 71417-70 | 407-85
Test {N 741-75 | (Minne- | (Greene | E 529-65 E 692-75 | (Minne- | (Greene |S 684-70 | (Minne- | (Greene
Property Method | (Parker) sota) Tweed) | (Parker) (Parker) sota) Tweed) | (Parker) sota) Tweed)

Tensile strength (psif D-412 | 2440 2035 1980 2160 1560 1800 21 1200 1095 790
Hardness, durometer "A" D-2240§ 71 70 73 64 73 70 85 73 70 84
Elongation (%f D-412 | 210 325 - 332 218 325 - 232 165 250
Tear strength (psi) D-624 | 218 - 153 218 191 - 65 179 75 82
Specific gravity 1.20 1.24 1.23 1.25 1.15 1.16 1.18 1.23 1.43 1.26
Air Age D-573
Number of hours 70 70 70 70 70 70 70 70 24 70
Temperature (°F) 257 212 392 302 302 212 392 347 437 392
Hardness, pts (change, pts) 75 (+4) - (+20) |68 (+4) 83 (+10) (-2.5) (+11) |75 (+2) (+7) (+2)
Tensile strength, psi (change %) 2370 (-3) | (+3) (-57) 2070 (-4) | 1720 {+10) | (+5) (-96) (1300 (+8)] (-9.7) (-1.6)
Elongation % (change %) 169 (-20) { (-20) (-94) ]358 (+8) ! 208 (-5) (-13.6) | (-97) {250 (+8) (-15.9) | (-7.2)

D-395
Compression Set (25%

comp. )
Number of hours 22 22 22 22 22 70 70 22 22 22
Temperature (°F) 158 212 158 158 158 212 158 158 347 -
% of original deflection 3.2 8.4 7.8 8.7 9.6 17.0 5.7 3.2 2.3 8.8
Abrasion Resistance, Tabor D-1044
Weight Toss (mg/1000 cycles) 8.1 - - 9.2 13.6 - - 8.1 - -
Resilience, Bayshore D-2362
% rebound 17 - 58 48 46 - 63 17 - 65

aManufacturers’ typical properties.




5.2 SEAL SELECTION CRITERIA

Elastomer seal selection is based on a combination of physical, chemical,
and mechanical factors for development of a reliable seal with suitable ser-
vice 1ife., Factors of good seal design are extremely important, but beyond
the scope of this report. To achieve desired seal chracteristics, seal mate-
rials must have a combination of the following factors:

° Suitable temperature/life properties

° Suitable resilience (compression set resistance) characteris-
tics to retain sealing qualities during desired life

° Low permeability to reactor cover gas(es)
° Resistance to gamma radiation levels anticipated in service
. Compatibility with seal 1lubricants, service environments

(gases, Na vapor, etc.).

In these considerations, a 1ife of 5 years between maintenance cycles (seal
replacement) has been the goal. The above factors are briefly discussed below.

5.2.1 Temperature/Life Properties and Suitable Resilience

The various elastomers considered have characteristic temperature capa-
bilities based on structure and compounding. Figure 1 presents a general com-
parison of temperature Timits for several elastomers.

This chart cannot be used for precise predictions of seal life, but it
does give a comparison of elastomer thermal properties. Temperature-time
curves show the safe cumulative time at a given temperature for elastomers
used as static seals. For dynamic applications, temperatures as much as 25°F
below those indicated may be more realistic.

Al has done considerable work in estimating seal useful life. Compres-
sion set data have been plotted on Arrhenius-type plots in an attempt to pre-
dict the maximum temperature corresponding to a 5-year 1ife.] In that work,

ESG-DOE-13438
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Figure 1. Seal Life at Temperature
(data from Bulletin OR 5700, Parker Seal Company)

cracking of the N714-75 Buna N compound at temperatures of 150 and 200°F after
2 weeks' exposure was noted.] Tests conducted on Parker's N219-70 indicated

a service temperature of 106°F, corresponding to a 5-year life with compound

N219 at 90% compression.

Discussions with Parker's technical staff verified Buna N compound N219
to be a “"general purpose" compound, superseded in September 1973 by their
N674-70, the Tatter showing overall superiority and specifically significantly
superior compression set resistance. Compression set resistance is the prop-
erty of primary importance for seal longevity.

Concurrently, compound N741-75 was developed to reflect compounding im-
provement due to availability of new and improved materials and techniques and
to provide the maximum in high-temperature oil and compression set resistance.

ESG-DOE-13438
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Further, on a theoretical basis, compound N741 should possess greatly
superior compression set (and other) properties than N219. The former is a
peroxide-cured compound, possessing the inherently greater stability of carbon-
to-carbon bonding, while the latter (N219) is a sulfur-cured compound, possess-
ing the weaker bonding characteristic of this curing system. Additionally, the
approximately 50% compression of materials used in AI's compression testing is
approaching the 1imit (normally around 60%), usually contributing to stress
cracking of rubbers. Very likely, the five point higher hardness of N741 over
N219 (75 versus 70 durometer "A") was also a contributing factor.

At any rate, Parker's N741-75 Buna N is an improved compound with remark-
ably superior thermal and compression set resistance (over both N219 and N674).
Thus, the limiting 5-year life temperature of 106°F imposed by the N219 com-
pound is considered lower than that obtainable by using a high thermal resist-
ance, low compression set compound such as N741-75.

Figures 2 and 3 present comparisons of compression set at 25% internal
compression (a range more like the optimum for O-ring static seals) for the
series of Buna N (nitrile) compounds d1'scussed.3'5 The superiority of Par-

ker's N741-75 over the other Parker compounds is evident,

Table 3 presents further corroboration of this compound's improved prop-
erties.

The type of seal usage (e.g., static, dynamic, temperature cycling) has
an important bearing on performance. The limiting compression set the seal
can tolerate and still function depends on this usage. Figures 4 through 6
present estimated lives and corresponding temperatures for compression sets of
70, 80, and 90%.] In a static seal not exposed to thermal cycling, sets
higher than 90% (conceivably approaching 100%) could continue to give satis-
factory results, since one major cause of failure in elastomeric seals is
thermal cycling. The combination of thermal expansion and stress relaxation
act to greatly reduce seal contact stress during thermal cycling.

ESG-DOE-13438
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TABLE 3
COMPARISON OF PARKER BUNA N COMPOUNDS

Compound
Test
Property Condition N219-70 N674-70 N741-75
Original
Properties
Hardness, durometer "A" 732 682 76b
Tensile (psi) 2064 2363 2250
Elongation (%) 279 300 135
Modulus at 100% elonga-
tion (psi) 455 634 1300 -
Specific gravity 1.23 1.21
168 h/212°F
Hardness {change, pts) 80 (+7) 75 (+7) 82 (+6)€
1 Tensile, psi (change %) 2199 (+6.5) 2416 (+2.2)
Elongation (change %) 244 (-19.7) 210 (-30.0)
Modulus (change %) 840 (+84) 944 (+48.9)
Compression set, 25%
deflection, % of 50.4 35.9 17 (extr)
original draft
504 h/212°F
Hardness (change, pts) 84 (+11) 84 (+11) 77 (+9)
Tensile, psi (change %) 2283 (+15.5) | 2283 (+15.5) | 2265 (-4.2)
Elongation (change %) 174 (-37.5) 174 (-37.5) 163 (-46.7)
Modulus (change %) 1186 (+160.7) | 1186 (+160.7) | 1455 (+129.5)
Compression set, 25%
deflection, % of 76.2 58.5 29 (extr)
original draft
Compression set, 25% 70 h/212°F 1
deflection, % of 70 h/257°F 35d 18¢
original deflection 70 h/302°F 35
(ASTM D-395) 1000 h/212°F | 89 78 46

gkeference 4

cReference 3
d70 h/257°F
Reference 6
Reference 5

ESG-DOE-13438
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As temperature rises, the rubber expands and stress increases, even though
strain is constant. When temperature is held constant, stress relaxes. When
temperature is reduced, the rubber contracts to the worst case; contraction can
reduce stress to zero.

Expansion coefficients of elastomers and common material of interest are
Tisted below.

Linear Coefficient of Expansion
Elastomer (in./in. per °F)
Nitrile (Buna N) 6.2 x 107°
Ethylene propylene 8.9 x 107°
Silicone 10.0 x 1072
Stainless steel (304 SS) 9.6 x 10°°
Steel, mild 6.7 x 1078

Various available compression set data were incorporated with data pro-
duced by AI on compound N219.1 These are shown in Figure 7. Although in-
complete and made on different bases (54% initial compression for N219 versus
25% for N674 and N741), all data confirm the overall superiority of Buna N
(N741), which should offer an estimated 25 to 50°F advantage in thermal/life
capability. This estimation might well be subject to confirmation by test, in .
view of the desirability of using the Buna N type seal as widely as practical,
due to its Tow permeability to gases of interest. Such confirmatory testing
should be performed in the method of ASTM D-395, Method B (constant deflection
at 25% initial deflection) to more closely approximate use conditions and not
overstress the rubber.

A. J. Court’ analyzed compression set data from 1000-h lifetime vendor
tests, usually at 25% compression, and Tonger term lifetime data obtained in
the Cover Gas Seal Program as 50% compression. In many cases, reaction rate
expressions were found to fit the data, and service lifetimes to 1% recovery
(99% compression set) were predicted from the 504 compression data of selected
temperatures. These are summarized in Table 4, and the maximum operating tem-
peratures for a 5-year service life at 50% compression are also included.
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Figure 7. Compression Set Comparison of
Parker Buna N Compounds N219, N674, and N741
TABLE 4
EFFECT OF TEMPERATURE ON RECOVERY FOR SPECIFIC
ELASTOMER FORMULATIONS AT 50% COMPRESSION
Ethylene Propylene
Buna N (EPDM) Silicone
Temperature
(°F) N741 | 366Y | N219 | E692 E529 559N | S684 71417
250 - - - 0.53 0.43 | 1.0 0.56 3.1
200 a 2.6 | 0.31 2.2 3.4 1.7 2.9 33+
150 a 4,7 | 2.0 5.8 19.0 - 15 -
100 . 58 24 6 16.0 - - 98 -
Maximum continuous
operating tempera-
turebfor a 5-year 154 107 166 188 180
life
gCracked in 4 weeks
End of life = 1% recovery.
ESG~DOE-13438
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If the 50% compression test data demonstrate lifetime at the expected
operating temperature, then the lifetime at 5 to 30% compression will be ex-
tended because the lighter squeeze minimizes thermal degradation of the seal.
Although the potential increase in service life may be predicted, and should
be proportional to known or measured thermal and compression set properties of
the elastomers considered, the only reliable way to predict life is to test
the specific formulation at the temperature and squeeze of the actual applica-
tion.

5.2.2 Low Permeability to Reactor Cover Gas(es)

Permeability, the tendency of a gas to diffuse through the elastomer, is
a different mechanism than mechanical leakage around the seal. The permeabil-
ity of an elastomeric barrier to a given gas depends first on the rate at
which the gas dissolves into the elastomer surface, and then on the rate at
which it diffuses through the elastomer. Permeability varies not only with
polymer type, but also with compounding ingredients and copolymer proportions.

Al Tlaboratories have made specific determinations on the elastomers of
interest.1 Tables 5, 6, and 7 compare permeabilities for Buna N, ethylene
propylene, and silicone rubbers. The order of dincreasing permeability is
Buna N, ethylene propylene, silicone; the relative differences between rubbers
are large.

5.2.3 Radiation Resistance7’8

The anticipated use of elastomeric seals in CRBRP applications places new
requirements on rubber compounds. Although the mechanism of radiation damage
to elastomers is not completely understood, it is generally. accepted that ion-
jzation is the predominant factor that changes rubber properties. Displace-
ment of atoms caused by eneréy absorption from incident particles and electro-
magnetic radiation brings about changes that are chemical in nature. Ions or
free radicals are formed, with resulting polymerization, crosslinking, discol-
oration, dehydrogeneration--with eventual cracking and degradation. Although
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COMPARISON OF PERMEABILITY (P) OF BUNA N (NITRILE) RUBBERS

TABLE 5

P (scc-cm/s-cmz.cm Hg AP x 10'9)
Temperature (°F)

Gas Vendor 100 150 200 250
Green Tweed® 1.44 4.0 9.6 21.8

Hy Minnesota Rubber? 2.0 5.0 10.5 21.2
Parker Seal® 1.49 3.5 7.2 14.1

Green Tweed 0.15 0.47 1.3 3.1

Ar Minnesota Rubber 0.50 1.25 2.6 5.2
Parker Seal 0.25 0.54 1.0 1.8

Green Tweed 0.13 0.57 2.0 6.1

Kr Minnesota Rubber 0.39 1.45 4.7 13.2
Parker Seal 0.37 0.90 1.9 3.6

Green Tweed 0.14 0.69 2.6 8.8

Xe Minnesota Rubber 0.47 1.75 5.2 13.4
Parker Seal 0.43 1.1 2.4 4.9

3Green Tweed compound 969
cMinnesota Rubber compound 366Y
Parker Seal compound N741

5414D/sjv
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TABLE 6
COMPARISON OF PERMEABILITY (P) OF ETHYLENE PROPYLENE RUBBERS

P (scc.c

m/s-cmz.cm Hg AP x 10

..9)

Temperature (°F)

Gas Vendor 100 150 200 250 300
Green Tweed® 3.9 9.8 21 39 68
Hy Minnesota Rubber? 8.3 18 34 43 100
Parker Seal® 6.4 14 28 47 80
Green Tweed 1.5 3.4 6.8 12 21
Ar Minnesota Rubber 2.6 6.1 12 22 40
Parker Seal 2.2 5.2 11 20 36
Green Tweed 2.3 5.7 12 23 4?2
Kr Minnesota Rubber 3.3 7.3 15 26 46
Parker Seal 2.5 5.8 12 22 28
Green Tweed 1.8 4.6 10 20 36
Xe Minnesota Rubber 5.4 12 24 42 74
Parker Seal 5.1 11 21 37 62

gGreen Tweed compound 969
CMinnesota Rubber compound 366Y
Parker Seal compound N741

5414D/sjv
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TABLE 7

COMPARISON OF PERMEABILITY (P) OF SILICONE RUBBERS

P (scc.cm/s-cm.cm Hg AP x ]0'9)
Temperature (°F)
Gas Vendor 100 150 200 250 300
Green Tweed? 72 170 325 580 980
Hy Minnesota Rubber? 42 110 245 490 910
Parker Seal® 120 210 275 380 500
Green Tweed 34 76 150 245 440
Ar Minnesota Rubber 58 90 130 175 230
Parker Seal 45 57 69 82 94
Green Tweed 92 115 140 160 185
Kr Minnesota Rubber 64 110 175 260 370
Parker Seal 97 130 170 210 260
Green Tweed 14 58 183 470 1440
Xe Minnesota Rubber 95 135 185 230 285
Parker Seal 163 195 230 260 295

gGreen Tweed compound 969

c

5414D/sjv

Minnesota Rubber compound 366Y
Parker Seal compound N741
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upgrading changes can occur under controlled radiation dosage, long exposure
usually causes degrading effects with loss of properties.

The degree of change depends on several factors, including rate of radia-
tion, irradiation time, energy of the radiation, material composition, envi-
ronment (stress, temperature, pressure, atmosphere, etc.), initial state
(often associated with the history of the material), and type of radiation.

In this study, the radiation resistance of candidate seal elastomers was
one of the criteria used for selection. Anticipated radiation environments in
System 41 seal applications were studied, and seal materials were assessed for
their suitability. '

Figure 8 provides a general comparison of how elastomer properties are
affected by gamma radiation. This type of rating scale should be regarded as
general in nature because of the relative comparisons shown, and the difficul-
ty of ranking different classes of materials as well as differences (due to
compounding, processing, etc.) of materials in the same class. Also, it is
necessary to take as many properties into account as possible to best study
the behavior and effects of materials to radiation. This is particularly true
for applications that do not require holding property changes to a minimum.
For example, a substantial loss in elongation will not affect the utility of
many types of seals.

Limited data are available on specific seal compounds of interest.
Table 8 presents these data (obtained from one manufacturer),g'l] which indi-
cate the relative degrees of radiation resistance of materials. From these
data as well as consideration of general elastomer characteristics shown in
Figure 8, the Buna N, EPDM, and silicone materials would appear usable in gamma
radiation levels of approxfmately 108 rads at ambient temperature. Higher
temperature would cause corresponding reductions in radiation use levels; the
reduction due to the combined effect is not necessarily additive.
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INITIALD.d.e

PERCENT OF INITIAL VALUE RETAINED

MATERIAL VALUE AT GIVEN DOSE (rads)a.C
HYDROCARBON RUBBERS 105 106 107 108 109 1010
NATURAL RUBBER ] ] 1 |
TENSILE STRENGTH (psi) 2600 3
ELONGATION AT BREAK (%) 420
SHORE HARDNESS, SCALE A 60 62 70 100
COMPRESSION SET, RECOVERY (%) 93 NN\
ETHYLENE PROPYLENE RUBBER
(EPR)
TENSILE STRENGTH (psi) 1320 (13) N\
ELONGATION AT BREAK (%) 275 |\
SHORE HARDNESS, SCALE A o7 —_SCALED 33 35
BUTYL RUBBER
GR-150
TENSILE STRENGTH (psi) 1100 3)
ELONGATION AT BREAK (%) 525
SHORE HARDNESS, SCALE A 66 66
COMPRESSION SET, RECOVERY (%) 91
BUTADIENE RUBBER
TENSILE STRENGTH (psi) 2380 (13)
ELONGATION AT BREAK (%) 525 N\
STYRENE-BUTADIENE RUBBER
(SBR) (GRS-50)
TENSILE STRENGTH (psi) 1700 (3)
ELONGATION AT BREAK (%) 270
SHORE HARDNESS, SCALE A 62
COMPRESSION SET, RECOVERY (%) 90
OXYGEN-CONTAINING RUBBERS
POLYACRYLIC RUBBER
HYCAR PA-21
TENSILE STRENGTH (psi) 2000 (3)]
ELONGATION AT BREAK (%) 230
SHORE HARDNESS, SCALE A 62 73
COMPRESSION SET, RECOVERY (%) 92 NN
NITROGEN-CONTAINING RUBBERS
NITRILE RUBBER
HYCAR OR-15
TENSILE STRENGTH (psi) 1900 3)
ELONGATION AT BREAK (%) 250
SHORE HARDNESS, SCALE A 72 65 100
COMPRESSION SET, RECOVERY (%) 92 : ll\\\RRq

2KEY FOR RADIATION EFFECTS:

13 100 TO 80% OF INITIAL VALUE RETAINED
80 TO 50% OF INITIAL VALUE RETAINED
RXXXRA 50 TO 10% OF INITIAL VALUE RETAINED
10 TO 0% OF INITIAL VALUE RETAINED
"bTO CONVERT Ib/in.2 TO kg/mm2, DIVIDE BY 1422 SO THAT 14,220 Ib/in.2 EQUALS 10 kg/mm2
CRAD EQUALS 100 ergs/gram OF SAMPLE MATERIAL

dSHORE DUROMETER HARDNESS, DESCRIBED IN ASTM-D676-18T

€COMPRESSION SET, DESCRIBED IN ASTM-D395-497

Figure 8.

ESG-DOE-13438
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TABLE 8

EFFECT OF GAMMA RADIATION ON ELASTOMER PROPERTIES®

(Sheet 1 of 2)
Compression Set, RT (%)

Tensile :

Strength | Elongation | Hardness Method B, Method B,
Compound (psi) (%) (Duro "A") | 27% Deflection | 25% Deflection

Buna N
N741-75
Original 2440 210 70 2.9
106 rads - - - 5.7
107 rads| - - - 24.3
108 rads | - - - 71.4
N674-70
Original 2363 300 68 4,3
106 rads - - - -
107 rads| - - - 17.1
108 rads | - . - 70.0
Ethylene Propylene

E529-65
Original 2160 332 64 -
107 rads | - - - -
E692-75
Original 1560 218 73 -
107 rads | - - - -
E740-75
Original 2080 233 70 6.7
108 rads | - - - 9.7
107 rads | 2140 194 73 28.6
108 rads | 1700 86 79 84.7
107 rads | - - - 98.1

ESG-DOE-13438
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TABLE 8

EFFECT OF GAMMA RADIATION ON ELASTOMER PROPERTIESa
(Sheet 2 of 2)

Compression Set, RT (%)

Tensile

Strength | Elongation | Hardness Method B, Method B,
Compound (psi) (%) (Duro "A") | 27% Deflection | 25% Deflection

Ethylene Propylene (Continued)
E515-80
Original 1450 213 78 16.2
106 rads - - - -
107 rads | 1220 176 78 46.6
10% rads | 1030 79 84 96.2
109 rads - - - 95.3
Silicone

$604-70
Original 1010 149 64 3.8
107 rads | 1020 129 - 20.0
10® rads | 938 31 73 9015
10° rads | - - - 104.7
$684-70
Original 1200 165 73
107 rads | - - 70
10° rads | - - -
109 rads - - -

%pata from Parker Seal, Minnesota Rubber Company.

5414D/sjv
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5.2.4 Compatibility with Seal Lubricants

The use of a Tubricant in all seal applications has been recommehded,]’2

with a thin coating of the proper type providing appreciable friction reduc-
tion and increased life, even at low levels of initial compression. Lubri-
cants tested to date have been grease types, selected for proper lubricity and
rubber compatibility. “Internally lubricated" rubber components (those not
requiring external lubricant application) have been developed and are also
being considered.

Elastomer-lubricant use combinations are

° DC55M (Dow Corning): A silicone-based grease for use with
Buna N and EPDM elastomers

) Exxon 5182 (Exxon Corp.): A diester-based grease for use with
Buna N, EPDM, and silicone elastomers.

DC55M is preferred in dynamic seal applications, providing lower starting
friction after long dwell times. DC55M causes swell and softening of silicone
rubber; Exxon 5182 should be used with this type.

5.2.5 Chemical Compatibility with System Construction Materials

The possibility was anticipated of elastomer scission or reaction (by
contact with sodium, sodium vapor, etc.), thereby liberating certain ions cap-
able of detrimental response with system materials of construction. To avoid
this possibility, guidelines for elastomer selection included the following
compositional requirements:

0 No halogens, cadmium, or mercﬁry
° 0.25% maximum chloride as impurity

0 0.05% maximum lead.

5414D/sjv
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6.0 SEAL LEAKAGE CALCULATIONS

The prime purpose of seals used in System 41 of the CRBRP is to prevent
radioactive gases from escaping from the system into the building and beyond.
Unfortunately, seals are not perfect and they permit small amounts of gases to
pass through and around them.

To examine this problem and evaluate the radioactive level reached within
the building created by this leakage, a parametric study was performed.]z
This report was based on the assumption that mechanical leakage (i.e., leakage
around the seal) does not occur and that leakage is solely due to permeation
through the elastomeric seals. This would be assured in practice by periodic
testing to detect mechanical leakage.

The technique employed to evaluate the leakage of seals is new and
unique. It investigates the transitory levels of radiocactivity. The tech-
nique accounts for the radioactive decay and hold times as the gases permeate
through the elastomeric seals.

6.1 TYPES OF SEALS EVALUATED

Three basic types of seal construction were evaluated within System 41:

0 Solid cross-section elastomeric seals
° Inflatable elastomeric seals
° Metallic seals.

6.1.1 Solid-Cross-Section Elastomeric Seals

This type of seal is the most numerous within System 41. The most common
forms (Figure 9) that are members of this category are

() 0-ring
° T-seal
() Quad ring.
ESG-DOE-13438
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a. O-RING

b. QUAD RING

c. T-SEAL 3383-75

Figure 9. Solid Cross Section of Elastomeric Seals
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The parametric study found very little leakage/permeability data avail-
able for T-seals or quad rings. To circumvent this difficulty, it used as a
close approximation permeation data for O-rings. Tests have determined that
permeation/leakage data of O-rings approach permeation data of elastomeric
slab materia].]3

6.1.2 Inflatable Elastomeric Seals

An inflatable seal is an elastomeric seal that may be pressurized from
the interior to cause the seal to increase its size and create a sealing sur-
face (Figure 10). The seal, very similar to a bicycle inner tube, is made of
a laminated elastomer and fabric with a ridge surface attached to the top to
form a sealing bead.

12 indicates that, under ideal conditions (i.e., with no

The report
leakage around the seal), inflatable seals are the single largest leakage con-
tributor. In addition, there was great difficulty in obtaining seals that met

design specifications.

Due to these difficulties and the exceptionally high permeability of the
current design of inflatable seals, no material selection will be made at this
time. An improper material selection at this time could create problems in
perfecting the design by placing it under undue constraints. The current con-
cerns for inflatable seals and AI's approach to their solution are presented
in Table 9.

6.1.3 Metallic Seals

For System 41, metallic seals infer metal O-rings. Under ideal condi-
tions, metal O-rings have the lowest permeation/leakage rate of the three
major types. This is due to essentially no permeation of gases through the
metal and very little mechanical leakage by "perfect" sealing faces. The
parametric leakage calculations have assumed ideal conditions and based their
data on very limited testing of metal seals.

ESG-DOE-13438
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Figure 10. Inflatable Seal
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TABLE 9
CONCERNS AND SOLUTIONS FCR INFLATABLE SEALS

Concern

Approach for Solution

Due to manufacturer's lack of experi-
ence with the nuclear industry's re-
quirement, difficulty exists in ob-
taining seals that satisfy the speci-
fications.

Al is working with suppliers to up-
grade seal quality and improve their
understanding of the unique require-
ments of the nuclear industry.

There is a need to standardize on an
optimum cross-section configuration.

Al is analyzing seal usage conditions
and is working with seal manufactur-
ers to design an optimum inflatable
seal which may be used for most stat-
ic applications.

The current dynamic seal design is
acceptable.

Difficulty has occurred with the re-
producibility of the polymers. Re-
producibility is necessary to assure
that all seals will have equal me-
chanical response.

The manufacturer will be required to
supply records assuring that all
seals are manufactured from the same
batch and cure date.

The manufacturer will be required to
perform standard ASTM tests to verify
consistency of mechanical and physi-
cal properties.

The thermal degradation (long- and
short-term) characteristics of the
elastomer are not well defined.

Compounding studies are being con-
ducted to upgrade knowledge of com-
mercial and experimental materials.

There is a lack of knowledge sur-
rounding the selection of the fabric
reinforcement material.

Investigations about the high-temper-
ature properties of fabrics are being
conducted.

The possibilities of a steel fabric
are being reviewed.

It is desirable to minimize the per-
meation gases through the inflatable
seal.

Use of foil permeation barriers is
being considered.

More knowledge of irradiation damage
on the functioning of the inflatable
seal is needed.

Tests evaluating irradiation effects
are planned to access the failure
limits.

ESG-DOE-13438
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Under realistic conditions, it is the most difficult to achieve ideal
sealing surfaces with metal O-rings. Therefore, leakage calculations of
metallic O-rings are subject to some suspicion, yet present calculations are
the best available.

6.2 UNITS OF "LEAKAGE" AND DESIGN CRITERIA

To understand the results of the study, it is necessary to understand the
units of measurement and the "tentative" acceptance criteria.

The units of leakage measurement are fractional-maximum permissible con-
centration (FR-MPC) of a specific radioactive isotope or mixture of specific
radioactive isotopes. The definition of the maximum permissible concentration

14
(MPC)
time occupancy; larger doses are permissible for short durations.

is an average radiation dose of 0.25 mrem/h for an area having full-

The CRBRP has decided to 1imit the permissible radioactive exposure in

continuously occupied areas to 0.2 mrem/h.14

They have also suggested that
the maximum exposure due to radioactive gas leakage be Timited to 10% of this

value, i.e., 0.02 mrem/h.

Since this exposure is the cumulative summation of all "leaks" in the
building, each source must be assigned its contribution. The precise contri-
bution for each source has not yet been determined. For the purpose of this
parametric study, 10% of the total exposure, or 0.002 mrem/h, was assigned

each to both the EVTM and EVYST. Thus, the normal FR-MPC for the two units is
3

2

approximately 10"~ FR-MPC. Similar criteria were used to assign the IVIM a
FR-MPC of 3 x 10~

suggestions and have not been officially accepted; they are subject to change

under normal conditions. The previous FR-MPCs are only

at any time.

ESG-DOE-13438
36



6.3 NORMAL AND ACCIDENT OPERATION

The upper normal Timit for radioactivity within the interiors of the
system is defined as 1% burst fuel pins in a fuel assembly. This is approxi-
mately two failed pins.

The definition of the maximum accident condition is the radiocactivity
caused by the bursting of an entire fuel assembly (217 fuel pins).

The FR-MPC Timits established for normal operation do not apply for the
more severe accident conditions. The FR-MPC limits for the maximum accident
have not been established at this time.

6.4 PARAMETRIC STUDY RESULTS

Figures 11 through 20 give results from the parametric study and show the
important calculations. The study has studied the case where all seals in the
system are of one material.

Figure 11 shows that a finite time is required to reach the maximum
FR-MPC. Systems totally of EPR and Buna N will satisfy the suggested leakage
criteria because they are always below the 10'3 FR-MPC. Silicone will not

satisfy this limit.

Figure 12 establishes that Xe-133 will be the primary radioactive source
within the system. Therefore, all other isotopes created during a fuel assem-
bly rupture will be neglected. The study also established, but the figure
does not show, that FR-MPC has a linear relationship with the percentage of
ruptured fuel pins.

Figure 13 establishes that as the purification rate of CAPS is increased,
there is a decrease in peak FR-MPC.

Figure 14 establishes that as RSB vent rate is increased, there is a
decrease in peak FR-MPC.
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Figure 11. Effect of Elastomer Material on Xe-133 Leakage from
EVST with Two Closed Floor Valves for Two Burst Fuel Pins
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FR-MPC FOR INDIVIDUAL ISOTOPES
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Figure 12. Xenon and Krypton Isotope Leakages Utilizing EPR

Equivalent Seal for EVST with Two Closed Floor Valves

for Burst of an Entire Fuel Assembly
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Figure 13. Parametric Study Utilizing EPR Equivalent Seal for

EVST to Indicate Effect of CAPS Rate on Xe-133 Leakage
for Burst of an Entire Fuel Assembly
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Figure 14. Parametric Study Utilizing EPR Equivalent Seal for
EVST to Indicate Effect of RSB Vent Rate on Xe-133 Leakage
for Burst of an Entire Fuel Assembly
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Figure 15. Parametric Study Utilizing EPR Equivalent Seal for

EVST to Indicate Effect of Permeability on Xe-133 Leakage
for Burst of an Entire Fuel Assembly
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Figure 16. Parametric Study Utilizing EPR Equivalent Seal for
EVST to Indicate Effect of Diffusion Coefficient on Xe-133
Leakage for Burst of an Entire Fuel Assembly
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Figure 17. Parametric Study Utilizing EPR Equivalent Seal for
EVST to Indicate Effect of Solubility on Xe-133 Leakage
for Burst of an Entire Fuel Assembly
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MAXIMUM (FR-MPC)xe-133 ATTAINED
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OF TABLE 4)
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Figure 18, Parametric Study U

tilizing EPR Equivalent Seal for

EVST to Indicate Effect of 0-Ring Percent Compression and
Initial Cross-Sectional Diameter (W) on Maximum Attained

Xe-133 Leakage for Burst

of an Entire Fuel Assembly
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Figure 19. Effect of Elastomer Material on Xe-133 Leakage
from EVST and Mated EVTM for Burst of Two Fuel Pins
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Figure 20. Effect of Elastomer Material on Xe-133 Leakage to
HAA from IVTM When Mated to Reactor at 40 h After Reactor
Shutdown and 1% Failed Fuel in Reactor at Shutdown
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Figure 15 indicates that if the permeability data used within the study
should be different, there would be a change in the maximum FR-MPC and in the
time to reach peak concentrations. If the permeability factor were greater,
peak leakage concentrations would be larger and reached faster. If the per-
meability factor were less, the peak concentrations would be lower and take
longer to reach.

Figure 16 indicates essentially the same type of relationship for diffu-
sion coefficient as Figure 15 does for permeability factor.

Figure 17 portrays essentially the same type of relationship for solubil-
ity constant as do Figures 15 and 16 except that it is inverted. As solubil-
ity goes up, the peak concentration goes down and shifts to longer times.

Figure 18 presents significant information in that it is different from
most published data. It indicates that as cross-sectional diameter and ini-
tial compression are increased, peak FR-MPC is decreased.

Figure 19 involves the maximum normal operational radioactive case for
the mated EVTM and EVST. It shows that all Buna N seals would have a peak
FR-MPC that is significantly less than the maximum permissible leakage; EPR is
just slightly greater, and silicone is significantly greater.

Figure 20 shows that the mated IVTM using all Buna N or EPR will easily
meet the suggested leakage criteria. Silicone is slightly higher than the
permissible leakage.

6.5 DISCUSSION OF PARAMETRIC LEAKAGE STUDY

The main conclusion of the parametric study was that the "leakage" re-
quirements, as suggested, can be satisfied under normal conditions by proper
selection of elastomeric materials. The report established, for the cases
examined, that an all Buna N (nitrile) elastomer sealing system would always
be below the suggested upper "leakage" rates. EPR sealing systems were either
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below or jusf slightly above these limits. An all-silicone sealing system was
always significantly above the limits.

To appreciate fully the significance of these conclusions and their appli-
cation to the selection of elastomeric materials for seals, several details of
the calculations and other facts must be reviewed:

. The actual numerical results should be conservative as the val-
ues of the variables used to generate the FR-MPC were the most
conservative available.

° The conclusions are based on the demonstrated fact that the
radioisotope Xe-133 contributes the major portion of the FR-MPC
buildup. A1l other radiocactive isotopes are assumed to contrib-
ute negligible amounts of radioactivity and are, therefore,
neglected.

) This study has been based on the radioactive buildup within the
building and is not limited only to the actual quantity of leak-
age. Therefore, parameters such as RSB ventilation rate, CAPS
rate, and RSB volume, as well as leakage rate, must be taken
into consideration to determine whether the FR-MPC is too high.
It has been demonstrated that if these values are changed, the
time versus FR-MPC relationship would also be changed. There-
fore, if in final design different values are used, new radioac-
tivity buildup calculations may be necessary.

° The sealing network of subsystems contained within System 41 are
those established within preliminary and conceptual designs.
These seal networks may be slightly changed before final design
is complete. Therefore, some new "leakage" calculations may be
required to verify that the calculated values of FR-MPC are
still acceptable within the test cases.

° Not all types of seal contribute equally to the radioactivity
buildup. Ideally, metallic seals should leak/permeate very lit-
tle. This is the case examined within the study. In reality,
this is achievable, but it is quite likely that. achieved toler-
ances would permit greater-than-anticipated leakage. Therefore,
metallic seals are not recommended unless absolutely necessary
for exceptionally high-temperature applications, too high for
elastomers, or cases where longer service life is necessary.

Solid-cross-section seals, such as 0-rings, can essentially
obtain ideal sealability and permit negligible "mechanical leak-
age, permitting only permeability." Therefore, their use is
very desirable.

ESG-DOE-13438
49



5414D/sjv

Inflatable seals have problems. The parametric study, under
the idealistic condition of no mechanical leakage, indicated
that in one case, a double set of inflatable seals could con-
tribute as much as 30% leakage of the entire sealing network.
Unfortunately, inflatable seals are essential to the designs of
System 41 and must be used. Whenever possible, inflatable
seals should have a solid-cross-section backup seal.

The result of the very high FR-MPC contribution from a few
inflatable seals indicates that the leak rates of solid-cross-
section seals are more conservative than estimated. This
should permit further leeway in the selection of higher perme-
ability elastomers for some solid-cross-section seals; the
increased leakage should be minimal.

Only a few limited cases have been evaluated within the para-
metric study. These cases indicate the limits and trends of
three basic elastomer materials. The cases are quite satisfac-
tory for indicating acceptable material selection, but addi-
tional studies may be required to certify the acceptability of
material selection for final design.
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7.0 BASIS FOR ELASTOMER SELECTION

Each of the elastomer types chosen for final consideration has certain
properties useful for seal applications, based on its structure and composi-
tion. Table 10 briefly compares properties of the three elastomers of inter-
est.

TABLE 10
PROPERTIES OF THREE ELASTOMERS
Elastomer Positive Negative
Buna N Lowest permeability Intermediate thermal prop-

erties (temperature life)
Low compression set

Radiation resistance to ~108R+

Mechanical properties

EPDM Thermal properties (temperature life) | Intermediate permeability
Radiation resistance to ~108R+
Low compression set

Mechanical properties

Silicone | Thermal properties (temperature 1ife) | High permeability

Radiation resistance to ~108R Mechanical properties

As is evident, seal selection and optimization require a compromise and
consideration of specific applications in various System 41 subsystems. For
example, in applications involving high temperature (in the range of 350 to
500°F, for example) and where use of an elastomeric seal is dictated, a sili-
cone elastomer may be required in spite of its negative characteristics. Such
use may require acceptance of higher leakage levels, more frequent replacement,
etc.
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With the above concept in mind, System 41 seal applications were reviewed
with cognizant engineers and designers, and the various operating parameters
were tabulated for study and seal optimization. Such study has indicated that
the great majority of the "normal" and “upset" conditions of seal temperature,
radiation, and operation (seal type, static, dynamic, etc.) would be better
handled by Buna N (nitrile) rubber, this type giving the lowest possible leak-
age by gas permeability. Intermediate temperature range applications, presum-
ably above Buna N capabilities, will be handled by EPDM, leaving a few to sil-
icone rubber seals, possibly metal rings, or other construction.

Summarizing, the following general criteria were used to select materials:
° Lowest permeability to reactor cover gases commensurate with

the temperature requirements of the majority of applications

° Gamma radiation resistance of the three elastomer types about
equivalent at approximately 108 rads

) Temperature limits for 5-year life (based on test data and
extrapolations; nominal compressions to 30% maximum)

Buna N ~140°F
EPDM ~210°F
Silicone ~220°F,

Detailed seal selections and recommendations are presented in the appen-
dix. For clarity, the basis for the selections are restated as follows:

° Five-year seal 1ife under normal conditions with maximum seal-
ing properties

(] Under some conditions, 5-year life may not be obtainable, due
to the variety of possible transients, too complex for analysis

o After "upset" (or accident) conditions, though corrected as
soon as practical, the effects of such conditions (excess tem-
perature, radiation exposure, etc.) should be considered as to
their effects on seals and the desirability of seal replacement

. Seals exposed to cycling temperature are subject to life varia-
tions dependent on extent of temperature excursions, number of
cycles in lifetime, amount of prestress on seal, etc.
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° In consideration of seal materials, Al Engineering has reviewed
but is not confirming seal design or mechanical arrangement.
Materials selection to accommodate proposed designs have been

made. These are given in the appendix.
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APPENDIX

SEAL DATA CHARTS WITH ELASTOMER SELECTIONS
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H 39 0 S (1) Ar 115 <6000 6000* 290 1 0.5 J 91.0 —0—0-) £602 -
3 36 inflatabe S 25.75 o Y
3 1% (uppen) inflatable S ) Ar 215 | <6000 | 6000+ | 2300 ) NA | J 1 :%f-g bt _ P 5 5 i
5 119 0 s ~64.0 | 0.374 i £00.3 -
6 |20 0 s m Ar 115 1 N1 8000% | 6oo | o0.37 ; 194.0 > Buna ¥ Rarker _ 7 5 5 i
7 | s 0 s ~58.0 | 0.374 . 83.0 o—o0) Parker
g | 0 s ) Ar 215 1 M) 8000 | gps | 0,373 - |- hess|- |- |- Buna K| 74y - 75 5 5 ’
9 36 Inflatablp S 25.75 2.0 !
1o |37 (lower) Inflatabih S (1 Ar 215 | <6000 | 6000+ | 350 NA - - -] = 5 5 |
ila-b| 5 o D 1.609] 0.13 ! 5.1 -0y -
12a-b 1 6 o s (1) Ar £15 | <6000 6000% | 4 53ai o 13 i |- _ 1341 - |- {1 - 3 Buna N :;;l}cer _ 75 5 5 ‘
13 | 45 (not a seal) NA - (1) Ar 115 | <6000 6000% | 22.13] WA i - - RCET2 R N NA _ ‘}/ 5 5 :
-— e
Total rhdiation pose {5 year) = 24 ORCL/yr] x 5 yr. x 10 minftran. x % o 6000 rap dose (9 year) : 1. Accident Condition
10 expected to be less than
JOOOF .
(1} Ac}ident Candition ¢xpected %o be lesq than F. -
pec wq" | 2. Accident Condition-
A Aiacant Stuck Fual
(2} Aclident Candition § Assumes pjacent ftuck fuel assembl Assemble.
3. Selection Based upon
e (3) selection thsed upof EVIM fidor valve YVTN Floor Valve. ]
- 4 «
1
! 4 - - L S B . 1 TS ]
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43 Wae '
. Ag8
y sysTEM: 3 SUBSYSTE EVIM co MPONEN'rgﬂnpp“ Drive Housing (Con:eptua'l'drau‘lng used, change§ have I
Service Conditions i~ Seal Dimensions Normal |Destirable
YTy Seal Belection P
Beal | Seal Name Sea! Format Temporature . Afmosphers Dottaton NomisalCroes|Gidad | Dimen rninay Seat (PRI SIS Yankeee [ . Part ]Hard- 'P-r!od\ T s,.m;.‘:. ;
* Type N : fAccident] Tims Time N Mﬂ“ pcti . fang Pa terial ndor &
y:teviamll IO erp Coins | Mottt PPei) PECBARN BRIA] n) Biu ahwiaes | Go ] il VRh |~ e fimars)’ | tyoars)
1 Cmshﬁl} Cavity 0 S 250 150 Ar 115 NA 50 231 .25 5 §
ko Grapple . '3 7 - 75
2 e o 231 -J . -0 BunaN Parker N741 5 5
3  prapple Drive Top S ~87.5x2 BN 5 5 Rectangular Path
" -0—0— BunaN -
& o Sravpie Drive s +87.5x2 : _]; i s 5 :
s Kide to Top s ~84x28 t 5 [
M - Rectangular Path
s s ABAx28 o ~0—o— | BunaN . . g
7 Ehain wheel Cover s KNote: ~35 ’ ' —~—O— BunaN - 5 5
8 ko 10 Therwmal
P Study—n *35 1 5 5
9 Encoder Sleeve S Perfo "8 ' OO BunaN - 1 5
at this f
10 s Q‘ﬁ) ~8 __. i 5 5 .
11 Encoder I ~ 175 { " 5 5
12 bhatt D A L5 . —0—0—~ | Buna 5 5
13 otor Drive S ~ 8 c —o—0— | BunaN - 5 5
14 Eleeve s ~ 8 B 5 s
15 Motor Drive b} A 1.75 e Bunak - § 5
16 Fhaft D ~ 1,75 ' H Hl .
17 tuator S "8 7
: aN - ] [
18 [leeve s ~g P ——o0— | Bun H H !
19 JActuator Shaft 1
D ~ Y5 . ot BunaN 5 5
20 D ~ 1,75 5 s
Zia-f s 11 7 )
: ——0—~ BunaN - [ 1
8,.¢ [G1ove Parts (6) s a1 1 5 5 Exact size and locationo ]
23a-f S 11 5 s known present)
24a-¢ Windows (6) s ALl \ o0 Bunak - . . unknown p y
25 Chain Fall 3 ~12x36 1 5 5 Rectangular Path R
s OO BunaN r N714 - 75
26 Jcavity (bottom) 0 s 250 150 ar | s NA_ | 50 |12x36 | .25 b Parke 5 5 Demens Jons from
5
e
- g—‘: 1 ]‘ ~ | . SR
- ’ -
41 - " VIEW PORT ) ‘ N ) B i A9 '
SYSTEM: supSYSTEM,—ELIH COMPONENT 1 e .
Service Conditions ___Beal Dimensions Sesl Selection Normal {Desirable .
Seal Seal Name Seal Format T Radiation » {ordNomi Mat: Service Comments or
emperature Atmosph NominallCross]Q, Seal d face] Leakage
No, Type hpplica. fAccident] Time JNorm Time Wo. Medi:? ;(r;.; ) A«?:i:lelﬁl t;:;ormﬂ Dia, ctioL———-—.Fm Comp, fLeng qﬁ' Ims Path Material \&ndot [ 3% x::“ ’:‘:3. (P'::‘:;" ( L:‘::, Special Problems
a {*Fl {<F) Cyclea ® | zady | (zady Un. ) Plahiwioth tn ] 5 ) (% o ) 1Top | mpoun o, Yo ye
1 Joutside Sleeve g s 390 170 Ar 15 Bx1ot | a5 | o.zs ) ~==> | eopm Parker 2-219 1} 4 5 5
2 Flange S Ar 15 12.00 Q.25 £692 2-278 5 5
3 famera Housing 0 s 300 170 Ar 15 f3x10f| s fus | oz TR =0 | oo Parker 2-452 | 3¢ 5 5
4 0 S Ar 15 11.5 0.25 : . £692 2-218 5 5
5 karera Sieave 0 s 30 170 A 15 J3x16? : Park -
6 (Glass Filter 0 S A: 15 X 10 M g;g ggg : ] '—0“°'> EPoH Eg;l’er g-ggg Lk g g l
N
7 [inside Fitting 0 s 300- 170 A 3 P 5 5
a-d Keal Glas Filtar 303 r 15 3 x 10 N1l 05 0.125 EPDM arker _ 75 5 : ’
+ £692
8  Putside Fittin 0 300- 5 3 3 o—L o Parker Ioa !
8, 9 s m 170 Ar 15 3x10°] k|10 0.125 i EPOM £60 sz 175 5 5 L o djass rods withidentica)
300- 3 —p—o— )
9 ) jclass Fiber Seal 0 S 323 170 Ar 15 3 x 10 N1l 05 0.125 EFDM gg;;e" _ 75 5 5 ( |
a- vl
i
10 {vabration —0—0-> EPD Parker 75 5 [ /
350~ 4 5 2-204 Not f 1 !
_4 [supresson 0 s 108 170 Ar :: Ix00| 10 1.0 0.25 £692 5 5 or sealing !
Ar 30.0 0.25
16 |View Port 0 S 500- 6 ' —0—0—> Parker S ]
17 |t cotdwatt ° : 230 170 Ar 15 |1 x 10 30.0 0.25 ‘ EPDM €697 - 7 H H !
LS
' .
i |
*iio thermal andlysis - Rough esthmate
‘s
e
=" i
K n LA S
— i~ — . - - - -~ - e e " ———— . T -
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A0 i . W M
7 sysTEMi—d_ supsysTEmiEXIM— componenT,Rtlefan | Ao

“Bervice Condi P Beal Dimensicns
Normal {Desirsble
Forma or '
:'o‘l Seal Name Seal Fo t Temperature - Atmosphers %:dhﬂw NOD?HE:;: Glénd ‘mmdu Seal q‘m fa. . Seal Beletion v !‘P.ziod S;‘t:cl SP.E:;“;::;; Ol"
N Type hpplics: fAccident] T Tin - 1 —‘L&’fﬁ‘om—‘r] —— Comp Leakag Part - \ em
e F{ism" me (Torm | Time | To, ) Media P(Paig) Pecigant pad/hi | Un) Piesihwioe | [oeBTE - Path Materisl' | Yendr ki, ness | (yoars) | tysars)
1 [orip Pan 0 $ 77 T 25 — ﬂ.‘u_%r.\ Lo No. oz p!
A £15 200 1 : : ane | . 3 $
2 lto view Port 0 s 180 130 v 65.50 | .25 §-3% _J 201 2lele] o BunaN paker K741 | - ) s s
10 Drip Pan to Quad D =
A 215 N1 T 1.875 | 128 1o 4 s
11 |orive shaft Quad ) 200 100 r 1es | azsf <18 L 16 116 p6 o o BunaN | Parker N741 | - 75 . .
12 Drive Shaft 1] S 5.5 T2y 1 .310 | 201 .15_432 16_4 ,
200 100 Ar 15 N1 LTI PPV B ID T £ o I e 5 5
13 |Housing 0 s . _S 201 32 32 -~ BunaN | Parker WA | - > .
i
1
i
|
1
-
3 :
|
' ]
‘o ’
1]
S
&
A - - Py
" £ EXT;NDER o S A |
$YSTEM: SUBSYSTEMoanndYI! e COMPONENT: = !
Service Con . BSeal Dimensions Normal §Desirsble
Seal Format Redistion : o Seal Selection Maint Servi. Tomment
toul e T kpplica- [Rccident] T hmpenm.'r N T IR ,Nobﬁu lE::t” Dot 2 Comp. 12:: FEOPEAS] St [Marertat | Vondor Part  [Hazrd-| Perlod, Life . | Special Probloms
yee Paas PoEEynt Time  Jlorp | Time | mee | Medis PPutg) prrcidentVormall tin) bia gdiwiath tn aral (%) i ) ITop mpound’ | No, Cred (yoarsl | (years)
1 Jextender to 0 s 350 100 Ar 15 200 Nil | ~67 ] 0.25)0.308 Parker
0. 205 §20- 30 32 {32 |3 Buna N 75 5 5
2 Iborip Pan 0 3 7} | N781 -
3 |setiows to o S 750 100 Ar 15 1.5 x 10y 600 |~23.75] 0.25]0.308 - =
& Jextender 0 s ? %1 Jo.205 fe0-30 2 j32 3 oo Buna N fpareer - 75 5 5
5 Jcheckline (] s 500 200 Ar 15 1.5 x10] 600 {~1.25 ] 0.25}0.308 l 0. 205 §20-30 32 32 )3 - 5 5 i
Seatl f
.6 ]
6 Beliow to 0 S 890 220 Ar 15 3x 10 400 | ~18 0.25{0.290 0.205]26-30 32§32 3 P Parker
7 |Bozton Flange 0 —o—o— | EFR £692 - 7 5 5
!
i
|
* Maximum Tadiation close as !
fuel element passes seal. '
pLd T
fuel assembly which is '
] adjacent.
|
LY 1 J
o
i
!
red - Y S - -
7 — SE——
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1

u;\. e - 5
< sysTEM: AL suBsysTEMEI —_ componenT, MMl \ Al2
Bervic, di " | Beal’ sions
Beal Seal Format Seal Belection
No, Seal Name - “!‘ k Tempersture - Afmosphere R“.’“}{“ Nomhnlbon Gland DA fonfNomina} Seal J Leskage &.godm::; or
Type ica- fAccident] Time [N T 0. HERE _“l'lma Dis,  PBects Comp, Imell path Material |V & emns |
—t vl T35 LOF 1 T | opcina | Modin PUPstg) fTraneest (redim] Gn) b&qﬂa TN i AT Yandor k)
all to 0 S . —0—0—
2 lerapple Drive 250 200 ” e pie | o |10 |2 seecin e fparker £692 | 2274 | 75 5 s Spectal Dove Tail Gland.
Svstem 0 s Ar 115 R 1.5 .25 | See D:;-dng 2-276 5 5
{
- i
- .
_
* e ‘
— 1
— — o
"3
L
r o x— RS - * il
B B - .
systEm: A sussysTEM—ET COMPONENT; —&losure Yalve | ] A3
Service Conditions 1 Ses!” Dimensions e
rma Seal Sel rmal [ Desirable
Seal | Seal Name Seal Format Temperature Atmosphere %:3;‘%:?2 ]NOD?IETD” Gland | Dt b “Co % N.i.d q}gﬂ ;gt.: Leakage s ection RpTa “P: ‘{ d S;‘r‘vica Eomments or
No, th mp, JLeng Path Material { Vendor & ¥ rd- riod, © Specisl Prob
Type P pli‘cn- F?S‘,ﬁ’f ot} Time 'g?f-f\" Time c:‘:{!! Medin  [P(Peig) Af&gm YR&’% (in. ) Pia (bhywidth | Lo i (%t bjd‘ &nmpooruné‘ No, :::: (years) {years) pec lems
6
la-b | Floor Valve to [+ S 170 150 Ar 215 3 x 10 400 ~13.0 {0.25 ! 5 5
2a-b | losure Vaive 0 5 Ar 115 2135 Jo.2s ! ﬁ" 2 BunaN Parker N74] - 15 H :
"3 -
3 |Inflatable Seals It - 510 190 Ar 115 3x10°] 400 J~6.0 Jo.25 . s :
4 8ottom It - Ar 11§ 713.26 10.25 °'°1 : :
5 Inflatable Seals 1 510 190 Ar $15 3x 106 400 ~316.0 NA i [ 5 5
6 Top 1 - Ar 215 413.2% : : 5
3 — i
7 closer valve to 0 s 190 190 Ar 115 3x10°f 400 f~135 | WA : - 5 3
8 Extender 0 s Ar +15 ~13.5 00— EPR Parker £692 75 5 s
9 }Backup Seal for 0 S 120 <150 Ar 218 2.0 N.1 2§9.0 10.25 _ 5 5
10 Bottom Inflat- 0 S Ar 215 ~59.0 f0.25 , -0t Bunah Parker N741 75 . .
able-Seal —_ 4
11 |Backup Seal for 0 $ 120 100 Ar 215 2.0 N1 | ~ss0 fo.zs ' - 5 5 {
12 Jop inflatable] © S Ar 115 ~56 0 Jo.25 . l<f’*’*1 Bunahk Parker N741 75 s it j
Seal _— -
13 | Floor valve to 0 s 100 ~100 Ar 115 2.0 N1 |62 jo.25 , 3 3
14 Closure Vaive 0 S Ar 115 62 0.25 ! BunaN Parker N741 -~ 75 5 5 Tentative design
Backuo Seal —_
15 | Backup Seal for 0 s 100 100 Ar 115 _{ 2.0 N1 |62 ]0.25 oo X - 5 5 -
16 Closure Vaive 0 s . Ar £15 ~62  |0.25 Buna Parker N741 75 5 s Tentative design
ooEntond _ ‘
17 Drive Seals 1] S 100 100 Ar 215 2.0 K.l 6 0.25 _ 5 5
18 ° 0 3 - Ar 215 ~6.5 0.2 - Bunal Parker #741 7 5 s
ve Seal 00 100 Ar 21§ 2.0 N1 jars jo.25
;g Drive Seals g g 1 Pyl H ~15 lo.zs ’ Bunak Parker N741 - 75 : :
T ~—
- }
i )
§
7
| ;
W |
I 4—1 — ’
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m . 2he-9PENT STORAGE CELL 3
7 eysTEM, SRR 4122 supsysTEM-0L/SRs PENT ST S e, ! A
¥ _Service Cofiditions — i . ong Normal, | Desirabls
:.:l Sea! Name Seal Format {2) Tamparsture Abmiosphere ‘Rldlsﬂw I&Dh. roas{Glind mensio! gomhn Ls:ll m ;n Leakage 5aal Belaction TS )'P‘. 8;:‘:1“ spf:omm.‘o: -
O Type ; idant] Time X 7Y mn19_ULN rmal] pcth . Path Material r & rd-} Pariod, . cfal Problems ;.
l‘&“’ fecid Norm | Qe | No. Thiadia [P(Pets) et ol in) e Wi g T P pndorddy | ho, 1200 (years) ' | (yeare) j
1 |Suppart F1 B-Rt statte | =T3D T80  {70-240 5 T80 | Argon +30 600 6000 | u6.25 0.7y Parker ~
Tnner Seal . m s |3s .o, | 0-50 40 [ 13-28 32 Joz |2 OO 692 s 5 5
Argon [+30 19.50 - . . 4 Parker
2 s“iﬁﬂr_& :}lnge 0-Ring §Static 180 T8O  [70-240 5 8D A:ﬁ 15 600  }x6000 Lo 1 o.s0 o.*: l°4° 13 ?5 32 (32 {32 EPR £692 _ 7% 5 5.
. Argon |+30 11.7 N Parker
3 f,{-"u"f‘g:“(s) 0-Ring fStatic | 70-120] 5 yrs [70-120 5 wo | AMr |15 600 <6000 | 1.D. o.soL 0.33 | 0.2z §20-30 2 |32 |32 o—0—0F wmnmn | w4 - 75 5 5
3-C
0 & _ysar) dose- {Trangfer{20 DocL/JscRS lods/yr x Slyr x 10 bin axp 1 hr x500__kadsnr a}e000 rad
60 min '
5ef1ne acqident cos dition a8f such fugl assembje adjacejt ‘ransfer.
‘: o
i
1
H
! 7
e i ’
| —
X
t
¥
v |
I ] — — : M
& - % : ) 15
SYSTEM; LRBRP_41:2 SUBSYSTEMERDL/SCRS - New StoragepHoNENT, X A
Service ] 4 Sea) Dimensions Normal [Desirable
Seal | Seal Name Seal Format Radietion lGtang | — 1 1. ™ Seal Selection Mai Service Comments or
No, Type hpplica: JAccid TlmeTenl‘:::r:xmre Time No :::::.Pge(:'ﬂ) Acci.de:g Narm;l}NoDk' r‘;“;”"—"‘. .:."_ Comgp, Lse::: Cﬂ&d'ﬁ;gt‘: .Plﬂl- Maturisl - } VYendor &‘; Part P,‘,‘.‘;d.' Perfod, Lite Special Problems .,
Haons {*F) 1°F) Cuclas * Lbcescurd (Rad/n)] (Radrn)] o) Dis ddWidth oo FPEPH (w) Ao ) IT E.L.Enn Gmpoundt | Mo, oo A (yoars) (yesrs) |
Support Flange Argon | +30 N1 p6.25 L !
. e Parker ¥741 | - 75 5 5
1 linner seat 0-Ring | Static {70-120 5 yrs {70-120 | 5 yrs | TBD Alr -15 NA 1.D. 50 §0.73 ¢ 0.40 | 13-25 32 §32¢32 BunaN arker
Support Flange Y 30 '_4,
? Ou;t’:r Seal 0-Ring | Static [70-120 | 5yrs fo-120 [ syrs preo JURN ) Ty NA o @625 4 g0 [0.73 J: 0.40 [ 13-25 32 |32]32 | -o—ce | BunaN [ Parker N741 | - 75 5 5
14
o
[
.|
‘1
]
i
- .
| |
-_ 4
. ; ;
—
i : . o T::‘ﬂ_!-__.._,}
ESG-DOE-13438

71






STOWMGS... = -
PLUGS A6
,  SYSTEM:-31-2_ SUBSYSTEM COMPONENT, UE2. 3 SLEAVES
Sarvice g Normal ]Desirable
— Seal Selection P
Seal Format Radiation M Service Eommaents or
:o:l Seal Name ___ Temperature Atmosphere ‘;:;"' Maserial dor . Part [Hard-| Pertod, Life Special Problems .,
. Type ]\ﬂeb ccident] Time JNorm | Time 3 Modia Peig) JAccident l\ No. Dess | (years) (yoars)
r 1*E) 1*F} Cxclan rad/b y)
1 fTransfer Port [} S 150 70-100 A 5 Buna N Parker 0.5 5
2 {Closure Seal 0 5 150 70-100 Ar ﬂg - - ' w741 - % fos s
3 {Transfer Port iflatable] s 150 70-100 Ar +15 » 00— 2 5
4 Isolation Seal knfiatapid S 150 70-100 Ar +15 NA 2 5
Parker 2 5
13 Enclosure [ S 150 70-100 Ar 5 o~ Buna N -
6 |Flange Seal 0 s 150 70-100 Ar 4 B w741 LE 5
Parker 2 5
7 |pinfon Shaft 0 s 150 P0-100 Ar 215 N - Buns N | o - L 5
8 |Housing Flange 0 s 156 70-100 Ar 213 NA
Parke
9 |pinion skaft 0 ) 150 170-100 Ar 115 y o—o——3| Buna N | o0 €T - 3 B 5
10 |sea1 0 D 150 70-100 Ar +15 NA 2 S
11 {view Glass 0 s 150 70-100 Ar 415 NA o—e Buna N Parker _ 7% 2 5
12 |seat 0 s 150 70-100 Ar 15 RA N7} 2 5
13 {Position Ind. ) s 150 70-100 Ar 215 NA 0.009 Jo.139 p3.2 - Buna N ]Rorker % |2 5
14 [Housing Flange 0 5 150 70-100 Ar Wt i 12w 1o pe.6 b K741 - z §
15 posttion Ind. o o 150 70-100 (Y S A 0.739  |0.070 .5 oo Buna N |PaTker _ » |2 5
16 Ishaft Seal 0 o 150 70-100 Ar 215 NA 0.735 {0.070) .5 2 5 )
|
<
|
te _‘
. 2
Y N
{
i _J =
— - Ty ]
' ’ - I v ] ~
sYSTEM: 412 supsysTEM I Stirase 21 compoNENT, e
Service Cofid s Seal Dimensions Seal Selaction Normal {Desirable
Seal | Sesl Name Seal Format by rature Atmos Radiation NomhnlE:ou Gland Di fonfNomina] Seal d Syrface| Leakage Maint: Service Eomments or
Jose Rate | -
No, Type Rpplica. JAccident] Time ‘nl‘::rm Time o. Modilpb;’:;liﬂ AE:;’G’?N°"“‘1 Dia, ctiol [De PR Comgp, jLeng q}m. o o Path Mateérisl gndor hg\ Part Hn.er.d- Perlod, Life Special Problems
e y Fepll TS 1EY Cycles (reamid (ragin)] tn) Pia ahwiom (o AR w1 Jug T mpoun No, Liotid (vesrs) | (years)
*182 gi;t:n/ﬂousing. “0" Ring JStatic NA - 50-120 Afr/Argol NA NiY £.75 0010.103] 0.120 D.077 1 20-30% 32 §32 {32 o—0—= | Buna K Parker N741 - 75 5 5
=% _
*384 {Piston/Holding 52:;3 0.75 00 J0.070 | 0.085 o.052 - 0—0—u
Cam 120 YAd
*s46 JAccess Chamber/ Istatic p5.00 0pJo.275] 0.325 0. 206 L 0—0——em
S.F.A. he .00 0D
*7&8 {Window/Access 15.38 OD o.210} 0.250 0.157 S
Chamber 16.38 0
*3510{Thimble/Access P4.50 opfo.275] 0.325 0.206 —0— 00— !
Chamber P5.50 00
N 13 25 0p§0.139 -
11812 gover. Transfer ; 14 25 0p 0.160 0.104 r,_o_d
ort.
*13 {Trensfer Port/ : 12.00 0010.275} 0.325 0.206 oJ
Access Chamber .
*uas] Cover, Glove Box 0.0 gg 0.138f 0.160 {5 5, | o—0—en
15asif (2 Sets) . ‘
*BabtjGlove Box/Access 9.75 00| 0.139] 0.160 0.104 —0~ 0——
VadH Chamber (2 Sets) 1
18 §Glove/Glove Box 9.00 0p}0.275 0.32% 0.206 ———
asb { (2 Sets) !
v\
: i - 8 00 00]0.139 0.160 .
.‘ég& Window/Thimble §0-120 8.75 0p 0.104 O— e Buna N Parker N741 -:
214 | Sleeve/Thimble 50-300 9.75 0p 0~131 0.160 1o 104 o—o EPR Parker E652
22
- i 11.75 00} 0.13 0.340 '
giz. Thimble/Adaptor ["0" Ring 50-300 13.25 o q 150 0.104} 20-30% Ho—o~—e | EPR Parker E692
258 | IVTW/ Thimble T. Seal Ptatic L - 50-300 Air/Arggn Ni1 |18.00 In' - jo.a% 0.250] m 2 132] s2{b—o—o EPR Parker £692 - 75 5 5
26 , _
| -
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1VT" PORT PLUG

s

# ySTEM: B0 -41-2 SUBSYSTEM COMPONENT: : A8 !
Service Copditions )| " Dimensions
: Normal [Desirable
:‘:‘ Seal Name Seal r";m F_ Temperature - Afmosphere padiadon Dh.m roesiGiind | p Seal riace] Leakage Jesd Selection o Ty "p‘. t Service Eommaents or
. fca: JAc D ES N . JAccident | N cti mp, Puth . - riod Life
Type  pgriics: ecliooTime [Rorm [Time | Mo |Madia PiPeig) fociiomNormall m) his (uhwides fin, ' Moserial | Yottt | Mo, LPt0) yeara) | | years) [ PUCI Prodiems
Argon +30 )
-1 |Support Fiange 0-Ring [stazic | Ts0 180 [ro-240 | 5yrs JTBO  Jad -15 600 <6000 | 26.25 |0.4% " —3 Parker 75 5
Inner Seal "8 y ’ L. 0.73 0.40 ) 13-25 2 2|-0—0— ferr €692 - 5
" Support Flange ne = - P
I Padb s 0-Ring }static { TBD T {70240 | Syrs | TBD f Argon gg 600 | < 6000 i?b.’o 0.50 § 0.3 0.40 | 13-25 » 2l e Eg;;er _ 15 5 5
: 0.22 T
3 |storage (1 |0-Ring [sutic | 70-120| 5 yrs {70-120 | 5 yrs § TEO Argen |43 600 |« 6003 | 1772 1025 0.22 | 20-3 32 2l i3 lemaw  |hoa _ 7
a-c) Plug Seal ~ .. 5 .
* 5 year Jos , )
{
<4
1
‘e
- . —
“? 1
-7
N ‘ —— iy
— ' - —— — — ' ; '. -‘ i )
B Bave ™ B - T » - H
sysTEM: — 4L SUBSYSTEMRETE CcoMPONENT: Adeotor ' A
Service Cofiditions 1 Ses) Dimensions Normal |Destrabl -
Seal Sesl Format Radi, g T Seal Selection i mirable .
No. Sost Mame T - B pplica- JAccident] T Tompersnrs N Atmosphere m&‘g:;‘ NoDh. cettol Sund ' 7 Gomp &dlm& ‘;:;‘ge Material | Vendor & Part  {Hard-| Period. sﬁ"?u Spefrll Pf:;:e:;-
] ¢! . - ndo. i
2 R P N b7 Rl e R S R T e oo N G ST C0)
1 RFTP Port Y S - - - - Ar 215 2 LIk Se .25 ! ha64. 4] ro—— EPR Parker E692 - 75 5 5 Used during refuling
7 o YN BESUR PV BN i A e ) R 30,3 5 5
6 [} 1 . . .
3 |Plug Cover 0 - - - - Ar +15 3x10 a0 |18.50 .25 ! _J b16. 2 -0—0- EPR Parker £692 - 75 5 5 Used during refuling :
I
4 |RFTP Port 6 12x : o boe ‘
a-¢ jAdaptor Guide 1 S 775 200 Ar 15 3x10 400 12 7/8 ' n75.4 H—0—0— 5 5 Used during refuling
5 |RFTP Rotating [} 3 400 200 Ar +15 3x10° | 400 |26 25 - 63. 360 ® PR Parker 692 _ 75 3 T Used during resctor i
. |Buide Tube 0 s 400 200 A fas ) oaac® | s jos .25 h50. 768 | 5 5 Operation only '
RFTP Rotating - o
7 Guide Tube 0 S 400 200 Ar 15 3)(1(]6 400 3.C .25 9.424 € 4 £PR Parker E692 - 75 5 5 Used at all times
-4 1 inrive imit) {2} _ —0—-O0———
i
fb Drive Unit o s 400 200 Ar 215 e | a0 | s .25 , B1.414 Y EPR Parker E692 - 75 5 5 Used at a1 times
g | inflated i 5 B 315 5 15 75 - E7.964 5 3
775 200 3x10 400
10 |Seal Assembly 1 s Ar +15 . 12,75 | .2 ; B0. 114 00— 5 5 Used during refuling ;
1 0 s Ar 215 2x10° %1 | 30 .2 - 188. 4 ® 5 5
EPR Parker E692 -
12 f Mozl 0 s 350 150 ar | w5 | o20® | wit foms | .28 179.0% - o—o— 5 5 Used st al} times
s yr dose

‘e

{1) Must leak past Port Plug
first. :

It has been assumed Port - )
Seals gone

2 —SemtDymanicSea t———

' v

ESG-DOE-13438
75






W
. SYSTEM —A4l — SuBsSYSTEM-ELSL . cOMPONENT, Sterage Vesse) | A 20
. Service Conditiops T Bes]l Dimensionas Seal Selactt \ Normal D.s:lnblo .
Seal { Seal Name his Temperatur Afmo OB » 'Nomd ross|{Glend § D& jonfNomina| Seal rfa Leakage . dat rrice Comments or
Mo, Type Applics. t Tune - ﬁo:x:a .'ﬂmn o, “.“:Pb;("; } JAccidpnt orznal Dial I0}Secti Camp, h“um 5 Path Material &ndor ‘3\ Part H.A.r.d.- Period, Lite Specisl Problems !
E:- L°F) 1°F) Cyrlas stg) Prcionnt I (in. ) m-.(ﬁ!‘"‘ﬁ o, an il (K mpows No. {ysare) lyssre) i
1 gut.::::: Vessel Lo.'m"’ Static 3 128 argon | 115 hs x 108 x 10°] 276 —— | Meta) - - - 5 30 yrs Face Seals
—
7
Inside . _ |
2 | Storage vessel Po--Ring |stattc 3 125 argon | 215 1.5 x 10Y8 x 10°] 3 ! J —o—o— | metar - - 5 30 yrs face Seals !
' . v Ll
Outside " _
3 | Closure Head  foo-Ring {static | 3 120 Argon | 215 [1.5x 104 & x 10° zzoé B o | Metal - 5 30 yrs Face Seals
Instde Lo~ 4 S —0—0— Metal - - - 5 30 yrs Face Seals
4 Closure Head 0"-Ring | Static 3 120 Argon 118 1.5x 10} 8 x 10 217.2 |
|
_
- " '
—_ d
t
}
* !
5 year Dose H
{1) EVST Cover Gas Rediation Level plus dose from Ha pool and stored fuel elements = 11 rad/hr continuous (5 yr)
There 15 also the transient dose from passing fuel elements {
— 4 (2) Prints available, but not latest drawing -
Latest drawing Ne.  R-N099993725
—_—
(3) Stuck Fuel Assembly |
¢ | (4) For trapsient passing fuel element radiation dose 1s given as average, assume speed 16 ft/min ~total influence _:
of fuel 1 min (normal condition) . ‘
—
i '
S o N . ___: o ! hiatat, IR "a
R = _ -
SYSTEM. ——— 41 SUBSYSTEM—EST COMPONENT; —lurntable Drive ! A2
Service Conditions ) Seal Dimensions Normal {Destrabl
Seal Selection s y p
i‘: Seal Name Seal Fo (1) Temperature Atmosphere R“.‘“ﬁ“’“ NOD:D!Ero:; Gland ' Dimensionf nmmiied Qpnd S ria Leak v (v M S;;:iee SPQC:.ﬁ:; or ;
T h Accident, . (Accid Normal Lo e ——I0epE, Comp, fLengt) = Path Material | Vendor & . c ems
e 5?-}-’:" ?si_}en Time ??}x‘q)’n Time Copcisn ] Meodie Peig) rf\::u:xl“ it ] 0} pia fidywiesh Mo Yool (%) log ) IT Compound No, nu:‘ (years) (years) !
. s
b foae i g’e‘:{s) “U* Cup JDynamic | 170 170 [ 15 |s1.5x10Y 8x10® | s.000 ——oe | 78 farker - : »5 years | Dual Buffered Seal !
-
2, [pousing sead “0* Ringlstatic | 170 170 Ar a5 | <1.5x0Y sx10® | 16.500 ! ——o— | ErR parker - 75 : >5 years | Piston Groove Type k
- E
‘
]
— o
1 i
_ i
H 1
- 1
§ Year Dose _ !
vo | (1) Stuck Fuel Askembly Adjacent !
} 1
1
i
3 I . ’
; ,
—_ s
o ' ‘ R Y Las “1 -
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ey T : ) Az
4 SYSTEM: il SUBSYSTEMs bl COMPONENT; —~ACtess Pluges
Service Conditions I Seal Selection Normal |Destreble .
Seal | Seal Name Seal Format Temperstns Atmosphere Radistion QNo ross Leakag Part [Hard-| Period. S:‘r;ie. .m.”
Ne Type ca. Pecident! Time [Noym | Time . Medis [P(Psig) fAccident INormal Dia, Patdh Material m&\ No ness | (veare) (ysare) Special Probl
{°F) {°F) Cyclas Lradinl feaqy® {4z, ) { th - .
" 3 | :
1, [Aceess Port Plug [0 Ring fsutic | WA E o o [Argon K sao® |e.475 Jo.2rs | oo £pR Parter _ 7 ” otston Groove Type ,
e o -
s
1
i i
!
- }
. | : B '
'K X Dae - )
v 9 Plugs {7 P1 Inplace i ‘
Yotal 2 rs — ‘
‘e | / ‘
- - i
1
al )
T ,
Al ] L
> [
(I R o . s B |4 hlndhanct, } _
W . -
SYSTEM: -8 SUBSYSTEMi—EXSL————  COMPONENT; FLOOR VALVE ADAPTOR ! ¥
Service Conditions Seal Dimensions Normal 1De
rma Seal Belection o sirable P
:’:l Seal Name Seal Format (1) Tempsrature Atmoephere %:'."!‘g:’;s Ng;‘{lnit;]g:m‘- Gland sl “Co ins} Seal q&". riace| Leskage e P A S ‘;od S;II"“ Commentes or
: ppplica. fAccident No, ct songt Path Material | Vendor & - re ¢ e Special Problems
Type P [sErn Time [Vormo)| Thme | oSt [ Medts [PrPetg) [feeisnt | Toret!] tn) bia idywiain iesl w1 fue ) ITon roprmdy | no, [ 2%05 | yeara) | (yeare)
1 Access Adaptor 6x10 i oar.
a-b |17 T8 0-Ring |static | s00 200 Argon 310° Jtotal | 13.475 J0.25 § £RR E6%2 s6 178 S yrs | Piston groove type
5 years J
Flange Seals | ”
(3nner) 0-Ring |static his.s 0275 | £PR farser ago | 75
FIange)Sea\ _, oare
(outer . L2715 ¢ arxer
"18.5 0 B EPR £682 460 7%
E
}
; .
(. ,
- !
K |
i
._; ‘
- i
- |
1
!
] mal
- —t
\. .
il \
&k |
0_ [ - | 4 b 'r-r'-‘
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e B
) SYSTEM: Al guBSYSTEM-EMSL o COMPONENT, -lnspection Plugs A2
. -
Service Conditione 1 sl Dimensione Seal Bole Normal {Desirable
Seal | Sesl Name Seal Format Temperature Atmosphere Rudistion | rose]Gland | Dimen Seal |Qyyng Syrface] Leskage = dain Bervice Eomments or
No, Type  Ipplica- JAccident] Time  |Nor, Time No. mph. Psig) JAccident | Normal Dia, ecti e Comp. Ll Path Matsrial m\ No ':‘.ﬁ. (P':::d)\ ¢ .1::'. ) Special Problems
i Feriil W13 5 ) L ELL) Cyclag (rads y _{ lin) () Width | (i ] . Y. R Y ,
A |inner  f& pluge ’ —0—0— | EPR Parker E692 75 >5 yrs |Pi
a-b { Annulus (8 sens) *0*-Ring} static | Q@ 150 Argon .5 x 1048 x 105} 3.25 |.210 - y ston Groove Type
4
8. ?;gpimm | 150 .5 x 1048 x 10°] 2.25 {.210 1 J' ~—0— -
Dip Sea)
¢ Intpection 160 h.5 x 1098 x 10°] 2.25 |.210 ‘ 0 -
20 |_(nead) ¢ — J
Duter Tugs),
0, Armulus@ teafs) 160 . hos x10Y8 x 10°] 6.50 f.275 1 ~—0— -
{Head) J _
o | Dlp Sea) (Head) 150 1.5 x 10y 8 x 10°] 6.50 |.215 i -0—0— -
a- nspec Oﬂl 1 1'
Outer {4 plugs
:_b Mnu’lus(a sea]s) 216 < 20 5 x10°] 3.25 |.210 | , 00— -
4
bp  (171) i
§ .1 sen 216 < 20 5 x 109 2.25 |.210 . --—0— -
Inspection _
r:_b tx»ri‘gp:::}m (s 0" -Ring| static| @ 145 Argon 1.5 x 108 5 x 105 2.2 |.210 . ~0—0— | EPR Parker E692 - 75 >5 yrs | Piston Groove Type |
—_ 4
]
- —
5 Year Dose
{1y rooy-ezser 1
‘e (2) No cooling hs defined af accidept conditdon ‘!
Analysis ngt performed ye —
—
4l
v — - Py
[ B . I — ,:_1 —r—
.- _
SYSTEM: -4 SUBSYSTEM;=FHC COMPONENT; —SELLING ] A25
Service Conditions Seal Dimensions Normal! |Desirabl
— Seal Selection " Taple .
Seal | Seal Name Sea? Format (1) Temperature Atmosphere Radiation NomizallCross|Gland | DimenstoniNominal Setl [Giged Syrface] Loakege adka T ainten Servics Comments or
°. Yea- 3 i ‘ 10Pectt — mp. {Leng Path Matérial | Vendor & ¥ Walviinits e Special Problems
vF Pgplice- Pecldent] Time  [Porgy, | Time | "0 | Medis [P(Puig) JAccident | Normal o) a (i wiath | (o Joabrs] (% () ] Ef il v, 70" eare) | (years)
1 Examination [ Static NA 100 Ar g 5 0.208 Parker N741 [2-275
H Siagron Access o phedind A 100 A 1 NA LU R B 0.110 32 | 32)63 | —0—0— | Buna N rker >.078 75 5 5
3 | Spent Fuel o |static | na 100 Ar A0 § 0.11 2| —0—0— 2-275
4 l’B“’"g Access o Static A 100 Ar ~l NA N1 2 0 0.298-‘ 63 Buna N Parker N741 2-278 75 s 5 J
5 {Spent Fuel G [Static | £95 105 Ar 3 5 [15.525 |0.275 "
& | Transfer Port 0 |static | 695 108 Ar Lo 6x10° 1937005 {0.275) 0.375 0.22 15-20 2} lea 00— PR Parker £692 [ 400 75 5 5 .
Cover Plate B - I—O-—O- - J
7 | Spent Fuel 0 Static NA 100 Ar 9.512 , - '
8 |Portsmelartag | o Jiltlc fo M 0 Ar S N1 | geys | 0139 0.119 16-23 2 | 2|6 [od Bune N | Parker n741 271 1 g 5 5 l
9 | Port to Floor NA Nil - '
10 § valve Adapter ; Not designed at this time
11} Man Cover Plate 100 Ar a1 80.39 |0 2340 173 0.184 P53 21 -
u 0 |static | WA o ol ¥ NA LN O RS R ey oo 16 16f6a | —0—0— | Buna N | Parker n7a1 | - 75 : : Dovetatl grooves ’
1]
13} Infiatable 200 Ar <1 ~30 T
18] ceals ¢ Static | WA o " a so0 | 2500 | 3] A , NA _o_o_l
T s A ~ 33.261 Jo.210]0.173 0.180 05. 16 Lo -
18] et Rans 0 [static { wa 100 Ar MM M1 {34580 fo.210f 0.173 0180 .30 Buna N | Parker N741 7 : : Dovetatl groove
71 28 Py 100 Ar a1 28.702 {0.210] 0.173 , 0.180 90.83] :
}8 g 1} Static NA 100 Ar a1 KA M1 1357167 [0 210 0.1 . 0.180 95.43) —O0—0—1] Buna N | Parker N741 -~ 7% g g Dovetail groove
8] 12* 7 150 Ar 1 12.00 {0.210] 0.173 0.180 38. 24}
I u9 o |sutic L5 A al o TR R e Eot v e . 180 o ~—0—0—| Buna N | Parker 741 | _ 7 : : Dovetail groove
.. i-lu g;m ¢ lo 100 Ar a1 M1 | 1.607 10.370{ o285 0.370 —o—o] Buna N | Parker N741 | 2-319 | 75 5 5 i
22| Drive Support 0 Static 100 Ar ~l 18.702 [0.210¢ 0.173 0.180
3] Cover o Static NA 100 ar n NA N1 20.014 {o.210] 0 173 G.180 Buna N Parker N741 - 75
24] Orive Cavity 100 Unique . 94.93 loo| sunan | rarker w1 |
25| cover A 100 NA M1 D ntque ' 90.45 r 7
L7V 1) 5 ygor radia i:dlbse |
. = i
| ! ) . TR

ESG-DOE-13438
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> e

. W B
- SYSTEM: 412 suBSYSTEM—MM ______  comPONENT,SLiRele Drive (Sheet 1 of 2) A2
Service Cofiditions . 1 Ssal Dimensions Seal Selacti Normal [Desirable i
Seal | Seal Namae Sesl Format T Radiation Maint Service Commentes or
‘smparsture Atmosphere Dose Rate Nominalisross{Gland Dimensi ominal Seal qlrad ria Leskage
No — e i rl Part {Hard-] Period, 1dfe Special Problems
3 Type Rpplics. e} Time [N Time Wo. y tIN Dia, ctiob—-—-—-m Comp, fleng Path Materisl or & ness
— & LF} LSE Coclng | Mod12 Paig) ffm\(}gd {in, ) )Wfdi_l;_ {a Fgnab (%) %”3‘ No, {ysare) {years)
70 .
1| grette omng | static| m to 100 A 115 KA &s x10° l217.0 fo.27 212.5 Bunak  { Parker 741 | - 75 5
5 5 & )
Housing Lid Ar 15 m s x10° 2125 fo.27 v -
2 | o 0-ring | static to 100 ¥n- long ] 17.0
Drive Shaft : ' —
3 | Right Side O-Ring | Dynamic to 100 Ar 15 M j6x10°{ 3.25 {o.21 i 10.21 - ,
Inner Max \ 1
Drive Shaft 70 s i
4 Left Side 0-Ring | Dynamic to 100 Ar 15 M l6x10°] 3.25 {o.21 i 10.21 -
OQuter &%1 _'
Drive Shaft 0 5 )
5 Right Stde 0-Ring | Dynamic to 100 Ar 15 M 6 x10°] 3.25 jo.z1 ; 10.21 -
Qufer .
Drive Shaft 70 5
6 Left Side 0-Ring | Dynamic to 100 Ar 115 M ]6x10°] 3.2 {o.21 IJ 10.21) -
Inner Max 4
Drive Shatt 70 5 R
7 Collar Right 0-Ring Static to 100 A 118 KA {6 x 10 6.50 | 0.21 ‘ zo_d -
Inner Max _
Drive Shaft 70 5
B8 Collar Left 0-Ring Static to 100 Ar F34 WA |6 x 10 6.50 | 0.21 ) 20. 42 -
lnner Max __{ .
Drive Shaft 70 ] !
9 Collar Right {O-Ring Static to 100 Ar 15 NA 36 x 10 6.50 { 0.2} 20.42 -
Outer Max ‘ !
Drive Shaft 70 5 7 .
10 Collar left  |o-Ring Static to 100 Ar 215 W ]sx30°f 6.50] 0.1 20.42 - i
Quter Max _ ﬁw.'
Grapple Shaft 70 5 |
' 4] Actuate 2-Ring Dynamic to 100 Ar $15 NA f6 x 10 2.00 § 0.21 G-Zq _ !
loner Max — g
Grapple Shaft 70 5 J T
12 Actuate 3-Ring Dynamic to 100 Ar 215 NA 6 x 10 2.00 § 0.21 6.2 -
Duter Max
Grapple Shaft 70 5 ]
13 Collar lnner [)-Ring Static to 100 Ar 115 NA ] 6 x 10 4.00 } .24 - 13.74 - |
—Max —_
Grapple Shaft 70 o % * 5 yr dose.
1 | Cotfer outer |o-rtng [static | wa to 100 Ar 215 Slexa0®] asf o2 13.74 Bunak  [Perker W41 | _ | 75 5 ) Y
T 1 - 1 T v
B - - i
SYSTEM: — 412 SUBSYSTEMi—BM v  COMPONENT:-GRAPPLE DRIVE {Sheet 2 of 2) ! i A2
Service Conditions )| j Beal Dimensions Normal {§Desirable
—R L tihenslons Seal Selection
Seal | Seal Name Seal Format Te Radiation i ot toniNomi Mat Service Eomments or
mperature Atmosphere Doss Ra Nominal{Cross|Gland Seal qlw rin Leskage
No, — Dia, Ctioh— - Comp, JLeng sh {rm Path Material ndor & Part JHard-| Period. Life Special Problems
Trpe  Pgelice- PeciinTime Thopp [Time [ 7o, | Mot Pirei) (ot ?f‘""gl (n) PiedWiah; o FAPTN ) fun) 1 i I O o C i )]
15. |Encoder Shaft 0-Ring }Dynamic NA 70 to Ar +15 NA s6x10 0.375 }0.21 _
Inner 100 max rad 5 yil Dia. ! ] 117 Bunah Parker N74] 75 5 5
-
16. fEncoder Shaft Dynamic 0.375 10.21 ' 1.17 -
Outer Dia.
17. jEncoder Housing Static 2.00 (0.2 ! 6.28
Inner Dia. _“ -
13. |Encoder Housing Static 2.00 {0.21 6.28]
Outer O1a. -
19. }Hydraset Shaft Dynamic 2.00 10.21 6.2
Inner Dia. _ -
20 }]Hydraset Shaft Dynaric 2.00 10.21 : 6.2
Outer Dra. s -
21 |[Hydraset Housing Static 10.00 0.21 32.8
Inner Dia. » -
<6x10°
22. ]Hydraset Housing [Static - 10.50 }jo0.21
Quter rad 5 yn Dia 32.95] _
- ’
23. [#Mom Port 70 to
11 required 0-Ring [Static NA 100 max. Ar 115 s h.sao® | 062 o.06 i 21.58 Bunal Parker N741 - % 5 5
Di —
B )
- 3
ve l. |
ry 1 Y
5 yr dose H
' i
-."‘ 1
‘1
1 ' —|——1— L
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ar ko rrHTy A

e B
) . SYsTEM: A2 sussysTEM—BE . comPoNENT, Shiln Sterace Tube A2 |
. - Bervice Copditions = Seal Dimensions Seal Sal Normal |Desirabl
Ty ction { ]
:-:1 Seal Name Seat Format Tempersture Atmosphere sotetion lNoDn‘:nlEr_o_,.au Dimess comg.u Gagd Syrface| Leakage - = Maint Service Eomments'or
. . o T - re Norroal » mp. Path Mataris Prrt -] Period Life '
Type s Wecide Time |[Norm Time | No. | Media [P(Palg) r";g lent | Normall wish | (o, | —omg tarial ang;: uﬂ\ ey s ('“",'. (yoars) Special Problems '
i torage Tube to 70 L. , .
24 Prive Housing 0-Ring Static | WA i 100 Ar 15 *:t’,:z * kax10') 16,38 Jo.zms 1.4 BanaN Parker N741 | - 75 5 5
X
Ktorage Tube to 70 <1.42 x L. 108 17.38 Jo.275 b 4
25 Dr:‘:i Hous{ng 0-Ring Static | MA to. 300 Ar 115 10t F3 : : { _‘.’ L4-58 BanaN Parker K741 - 75 5 5
Etorage Tube . 70 <1.42 x
26  [enter Flange  |o-Ring | sutic | m to 100 Ar 15 gt k3« 104] 16.38 8.219 1.4 BanaN Parker N74} | - 75 5 5
 noer x -
Ftorage Tube 70 <1.42 x 4
27 Kenter Flange  [o-Ring | static| wa to 100 Ar a5 [0 3 x 107 17.38 10.27 k4. 58 Banah Parker K741 | - 75 5 5 l
uter X. —
ftorage Tube 7 A a5 |42 x Ly, 108 6.3 [o.2rd |
28 potton Flange pD-Ring | Static{ WA to 100 J w T | b1.4 Sanatt Parker W81 | - 75 5 5 !
70 <1.42 x 4 .
29 [torage Tube  pP-Ring ] Static| MA to 100 Ar a5 [Tae fR X0 e f0.7 ' ] 54. 58 BanaN Parker NT41 | - 7 5 5 :
Max ;
Ports 70 <2 xda, 0y 62 ] .9 :
0 L pequired h-ring | sutic| WA to 100 Ar NUEN W L . _J 7.84 BanaN Parker K741 | - s 5 5 !
}
t
H
= L
‘_ . h
"5 Year Dose
5 .
'__ 1
F'.'_c..
- I—‘ ~ - T »,
TRy
R Y -
5YSTEM: —4122. supsysTEM,—BIN COMPONENT; sk Containment Barrel ! A29
Service Coh 8 i ) Seal Dimensions
R Normal [Desirabl
!S:otl Sesl Name Seal Format Temperature -~ Afmosphere D:’."'ﬁ:" Nom.' r:t“ Glta Dt 3 'Co 4 Leskage Setl Seloction Fort Ters "p‘ r;od SGMO: Comments' or
* T i o, [Accident | Normal ety mp. Path Ma 1 ard-] Pe . LAt
ype Asz}‘i-u Ac't‘:g‘ent Time l'ﬂ.o;_x‘n Time oy | Medte P(Peig) ceident [Normall (") by adywlath | ™ mﬂz AP terial ‘az:gg“gé\ N, ness | (voare) (yn:-) Special Problems ,
. Barrel to Drive 1-Ri NA 70 q H —
31 |Housing Collar -Hing to 100 Ar 215 NA 3 x 107 14.00 ~
. BunaN Parker N741 75 5 5
3z |Barrel to Drive [T-Ring NA 70 o 1s.00 v
Housing Collar ;:Ml(oo Ar $15 NA Ixl 14.0f ! _J 43.98 BunaN Parker N741 - 75 5 5
Barrel to Drive 70 o
33 Housing Collar T-Ring NA to 100 Ar 116 NA 3 x 108 14.00 _i 43.98 BunaN Parker K741 - 75 5 5
May
Mom Port 70 9 1
3 . : ' g
2 Required 0-Ring NA to 100 Ar *15 M| 3x10]  .62] .09 ' 3.9 BunaN Parker N741 - 75 5 5 i
| |
, |
3 .
! .
. 2 ’
!
-
§ Year Dose .
: .
t
LY
Y,
(t.‘ -
i ! - LA, S
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. @ ® L t
SYSTEM: 1% suBsYSTEMA __ COMPONENT, —Llosure Valve Sheet 1 of 2 ! A 30
Service Mm; Seal Selecti Normal {Desirable
:o‘l Seal Name Seal Format Temperature Atmosphers . Leakage e 3 "P‘.ﬂod Service Eommants or
0, —ryt -
. Path \ clal Problems
Type  ppplica: RetldendTime [Norm | Time o Tiiedta PPeig) Materal | Yandor &), "“w.‘ 2066 | (yonre) (,““b") Bpe '
. 35, | Inflatable Upper ::;lat- ~ <250 ;gbt:- . 'A.: vapor 115 - 5 5 Tentative Design
36. ;::1:“’]‘ Inner ::;l"‘ - :: vapos - Tentative Design
37. égtmoble Outer :g{:n- - :: vapo - Tentative Design
38, 2;:;:;0&08:::; 0-Ring | Static Ar Buna N Parker N741 - %
39. | valve to Contain-j0-Ring Static Ar _ ’
ment Barrel Inner
40. | Valve to Extenderjo-Ring Static Ar -
Outer '
41. | valve to Extender O-Ring Static Ar -
Inner
42. | vaive Flange to |0-Ring |Static Ar 3x10°| 61.50 '0-275 |s3.2 - !
Body Top Inner _ ’ i
.
43. | Valve Flange to P-Ring |Static Ar 3 x 10°] 63.50 {0.275 199-491 ! -
Body Top Outer I__d
44. | vaive Flange to [>-Ring |Static Ar 3 x 10°] &1.50 Jo.275] i 193.2 -
Body Bottom Inner _1
N 1
. 45. | valve Flange to >-Ring |Static Ar 3% 10°] 63.50 o275 109 49 - :
Body Bottom Quter _ 4 J
46. | view Port Inner [-Ring [Static Ar 3x10°) 1075 Jo.1 33.77 -
47. | view Port Outer [D-Ring |[Static | <250 70 to Ar 15 no |3 x 0% 12,25 Jo.rs s 38.49 Buna N | Parker N741 | - 75 5 5 .
120 may f—
r)
*5 Yr dose v — ST ORI S
- ; - - T ~— oy H
% . h
sysTEM: 212 suBSYSTEM—AM COMPONENT &losure Valve Sheet 2 of 2 . A%
Service P ' Seal Dimensions Normal §Destrabl,
Seal Selection e sirasie
f:o.l Soal Name Zoa] Forme: Temperature Atmosphere R‘f“g;’f {NominatiCroes|Gland ] Dimenet ‘;;o . S“Iu biri Ts| Loskes Part JHard-] Period sx‘.arfﬂ “ S bo??m' -
i - N Dis, ectl ~— mp. [LLeng Path Matdrial | Vendor & - ' L pecial Problams
Type h g}il.cn Aisgllent Time r;l::gn Tiime e o | Medla Psaig) Af‘f% oro! {in) pia (shWeath | (in, ﬁEﬂf ke Compo um)\ No, Dess | (years) {years)
48. Eiﬂon (liear 0-Ring | Static | <250 ;goto Ar 118 W [3x10° | 6.50 p.139 ’ 20.42 Buna N Parker N741 - 75 5 5
ollar Inner max
-
43 | Pinfon Gear 0-Ring | Static ar 3x10°] 800 p.s] 25.13 ~ .
Collar Quter . . [
50. | Pinfon Gear 0-Ring | Dynamic Ar 3x10°] 150 a3 | 4.71 - i
Stem Outer
-
51. | Pimon Gear 0-Ring Dynamic Ar 3 x 105 1.50 §0.139 4.71 _
Stem Inner
52. MngPor; 0-Ring Static <250 70 to Ar 115 RA 1x10° 0.62 }0.09 ! 19.6 Buna N Parker N741 - 75 5 5
10 Req' - 120 max - —
y i
, i
|
| |
- :
' {
] i
‘s
4 .
T
“
. *5 ¥r dose K |
! I D | ZBRRaatact |
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Falves w. .9
- BYSTEM: ALz SUBSYSTEM-A . COMPONENT, katender ’ ) A 32
Service g | " Dimanasions No.
Se Seal Selection  Normal {Desirable
:.:x Seal Name »i Format Temporature Atmosphers Radiation luommlbrou Gland tnhnlicn ot fystacy] Leskese Mad Sprvice Eommaste'or
. h; 1 Vo, peti - Comp. P Material & Part [Hard.l Period, clal 1 .
Tree lica- ctsl;‘?\. ot] Time '}-;Oﬂu Time r-.‘.,v.. Madia Paig) Ajﬂ”ﬁ N‘:.mdm {in. ) Pia (i) Width {1, | o) &nrg;:mc)\ No, D09 | (years) (yoars) | Bpe Froblems ,
Inflat- Ar 3
53 |Inflatadle bie - <250 tfuim Ne vapor| %15 NA <1 x 10] 25.25 ! 9.3 - 5 5 Tenitive Destgn
70 K&/
Ar .
54 |inflatable Inflat- | _  |<250 zmzo  ororl 215 R P P ] _J 79.32 _ Tenitive Design
Extender Flange 70 3
55 fto Body Top 0-Ring | Static | <250 %@ Ar 215 " <1 x 10} 23.50 |.275 73.82  [Bunan Parker #741 - 75
Extender Flange 70 1 _1‘
56 |to Body Top 0-Ring | Static | <250 to 120 Ar 15 MA <t x 102475 }ars ‘ 77.75 BunaN -
Extender Flange 70 1
57 |to Body Bottow |0-Ring | Static | <250 to 120 Ar 215 NA <1 x 101 23.50 |.278 ] 73.82 Bunah -
1nper = _May _l B |
Extender Flange 70 ' |
58 |to Body Bottom [O-Ring | Static | <250 to 120 Ar 115 NA <1 x 10] 24.75 |.2715 | _
g0 Bo < ax Y J 77.7% BunaN
Extender Body 20 s
59 |to Sieeve 0-Ring | Static | <250 to 120 Ar 115 " <3 x10] 27.75 |.215 J 87.17 Buna -
Max .
Mom Port 70 (?
60 |10 Required 0-Ring | Static | <250 to 120 Ar 15 NA ax} .62 |.09 N 196 BunaN Parker N741 - 75 5 - 5
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